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InfrocfucfffOfi 
The Physics Department of The AUgarh Muslim University, Aligarh 
has been a very strong centre for spectroscopic studies since last six 
decades. It has a well established group of Molecular Physicists smce Prof 
R.K. Asundi joined this Department in 1930's followed by Prof 
Venkateshwarloo and the subsequent reputed staffs. Atomic Spectroscopy 
started only in 1969 when Prof M.S.Z. Chaghtai joined this Department. 
With our ongoing collaboration with St. Francis Xavier University 
(Canada) and National Institute of Standards and Technology (NIST) the 
atomic spectroscopy group has strengthen flirther. Our Department is 
continuaS>to provide standard experimental and theoretical data at National 
and International level. 
A recent survey of the literature on the spectroscopic data on highly 
ionized atoms reveals that enormous progress has been made for the 
simpler spectra like one electron or two electron systems. For example 
hydrogen like Uranium has been studied even to the extent of measuring 
Lamb shift [1]. On the other hand, the situation on the complex spectra 
remain confined due to the complexities involved. Now with the 
availability of t^st computers and quite a few computer codes like those of 
R.D. Cowan [2], C.F. Fischer [3], MCDF [4, 5] etc. it is possible to 
compute the structure of the complex spectra. Recently a strong data base 
centre has already been launched on the internet by National Institute of 
Standards and Technology (NIST ) which is extremely useful to the people 
working in the field of Atomic Physics or related areas. Moreover, the 
complete and accurate data on multiply/highly ionized atoms always 
remain in demand by astrophysicists. Constructing short wavelength laser 
depends on the skill and knowledge of highly ionized atoms. The data on 
multiply ionized atoms could be of great use to Indian Space Research 
Organization (ISRO) or in the development of modern astrophysical 
laboratories as well as in plasma diagnostics (particular reference to the 
Tokamak machine ) and nuclear fusion efforts. 
As mentioned above tb^ the very low ionization stages for complex 
atoms were unknown until very recently, the two such spectra I III [6] and I 
IV [7] have been studied for the first time. T-hough the higher excitation, of 
iodine atoms give rather simpler structure and therefore have been studied 
well before; for instance 1 V & I VI have been reported by Kaufman et. al 
[8] , I Vll by Kaufman and Sugar [9] and I VIII by Joshi et. al. [10]. Now 
looking back mto the literature, the singly ionized iodine III [11] spectrum 
still lacks badly its theoretical interpretation. It looks pity that the spectra of 
higher ions of iodme have been well interpreted while very little is known 
even today about singly ionized iodine. Therefore, present work was 
undertaken to provide good understanding of the complex structure of I I I , 
specially at the time when the higher members of the same isoelectronic 
sequence Xe III [12], Cs IV [13] and Ba V have already been studied. 
1 should briefly describe the useful information about iodine. It tes^^, 
beet! discovered by Courtois in 1811. It is bluish-black lustrous solid , 
volatilizing at ordinary temperatures into a blue violet gas with an irritating 
odor.Its atomic weight is 126.9045 (based upon C-I2); atomic no. 53 ; 
b.p.l84.350C; m. p. 113^0 ; and density of gas 11.27 g /I ; sp. gr for solid 
is 4.93 (at 20OC )Jt has twenty three isotopes only one stable isotope I is 
found in nature. It occurs sparingly in form of iodides in sea water from 
which it IS assnnilated by seaweeds. Iodine exhibits some metal like 
properties. It dissolves readily in chlorofonn, carbon tetrachloride or 
carbon disulfide to fonn beautiful purple solutions. It is only slightly 
soluble in water. 
1 ^ 1 
The artificial radioisotope I " , with half life of 8 days, has been used 
in treating the thyroid gland. Lack of iodine is the cause of goiter^ fhe 
iodides and thyroxin which contain^ iodine are used internally in medicine, 
and a solution of KI and iodine in alcohol is used for external wounds. 
Potassium iodide finds use in photography. 
With so many remarkable properties it is justified to study this 
particular element. The basic requirements are the knowledge of the term 
structure, theoretical predictions, experimental data and analysis skill. 
These will be described in the following chapters in details. 
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Chapter' I 
Theory 
1.1 Theoretical Aspects: 
The Theory of Atomic Structure and Spectra was developed 
gradually. The Rutherford's a-scattering experiment was the first move in 
the right direction. However, he was unable to explain the stability of the 
atom and the spectra emitted by them. The postulates of the Bolir theory 
laid the foundation stone for the basic theory of atomic structure, which 
necessarily explains that the electrons do revolve around the nucleus in 
only certain specified orbits without loosing its energy. The energy loss or 
gain takes place only when it makes a transition from a higher to lower 
permitted orbits or vice versa. The quantum mechanical treatment by 
Schrodinger's wave equation gave a much better explanation to the existing 
theory of atomic structure and the spectra exhibited by them. It was 
possible to solve the Sclirodinger's wave equation for simpler cases like the 
spectra emitted by the hydrogen atoms. The exact solution of hydrogen 
atom could be found without much problem. However, when the active 
electrons are more than one or two, the situation is entirely different and it 
becomes almost unpossible to find an exact solution of the Sclirodinger's 
wave equation. Thus in such circumstances. various approximations are 
used. One very commonly used is the Central Field Approximation. 
Under this approximation^*'each electron moves in a central field, produced 
by nucleus and the spherically averaged potential field of each other 
electron. According to this assumption thus, we take only attractive 
coulomb interactions between the electrons and the nucleus and the 
coulomb repulsion between the electrons [1]. This approximation explains 
the spectrum of neutral alkali atom very well but not for the atoms having 
complex multiplet structure which arises due to torques exerted by one 
electron on other which are neglected in the central - field - model. 
The central field model was worked out in 1920, and completed with 
Hartree's proposal of the Self Consistent Field in 1928. Hartree in his Self 
Consistent Field Method modified the central field problem for the 
presence of extra nuclear electrons. In his method, a wave function is set as 
a product of all the one electron wave functions involved, which is 
symmetric and therefore does not include Pauli's exclusion principle. The 
theory was finther improved in 1930 by Fock who introduced antisymetric 
wave function to formulate the Hartree-Fock [1] method in which a 
determinental function or a linear combination of determinantal functions 
could be used to satisfy the condition of antisymmetrisation. 
All theoretical predictions are based on time dependent 
Schrodinger's equation 
(// - E)V{r^ ^ , ^ ) = 0 (1) 
Where E is the energy, H is the Hamiltonian and U is the wave 
function. The one electron hydrogen wave flmction or orbitals as given by 
Slater [1] in usual notation is 
(2) 
V4Tf 
where ^^ „/ (/') - -^ 
and Rni or P,,! is normalized such tliat 
The wave function for an atom or ion with N electron can then be 
constructed by takmg the product of wave functions of all its electron as 
H ^ ( r , , ^ , , ^ , r v , 6 > . v , ^ . v ) = ^ „ , / , „ , / , ( ^ , , 6 > , , ^ , ) 
^ «, / , ,„ / , (f-N ^^ N Jx ) - ( 3 ) 
Here the spin quantum number ms is not included. The Hamiltonian H for 
an atom can be written in general as : 
(4) 
where the first term represents the K,E. of the electrons involved, second 
that of the nucleus, third the interaction between electrons and protons 
fourth between protons and fifth between electrons, Hss represents spin-
spin interactions and Hso represents spin orbit interactions. Hhfs is the 
hyperfine structure Hamiltonian and Hetc stands for all additional effects left 
out so for. 
The equation (1) can not be solved for such a compHcated 
Hamiltonian operator. Various approximations were utilized to solve the 
above equation. Most of the atomic structure calculations are based on the 
central field approximation elaborated by Hartree as Self Consistent Field 
Method. In this method he started by taking a wave function of type (3) and 
Hamiltonian (4) simplified to the extent of retaining only the first, third and 
fifth terms, and rendered the solution of (1) self-consistent through 
iteration. In Hartree's method the wave function does not satisfy the 
antisymmetry principle of Dirac. The simplest function which satisfies this 
principle is a determinantal function or linear combinations of 
determinantal function. Fock solved the problem by taking the wave 
function as a linear combination determinantal function. The simplest form 
of antisymmetric wave function is given as 
4^  = A'! 
U,(l) Ui(2) 
U2(l) U2(2) 
.Ui(N) 
.U2(N) 
UN(1) UN(2) UN(N) 
The Hartree-Fock method gives accurate result^for light atoms, but a 
relativistic correction is necessary for heavy ones. The integro-differential 
equations involved in Hartree-Fock method are divided into smaller 
manageable integrals known as "Slater Parameters'^ E av, ^^, G ,^ CiU and 
R ) The Eav represents the average energy or the centre of gravity of the 
configuration . The integral F*^ , G*', Cui gi'^ 'e the tenn structure of a single 
configuration. The intra-configuration interaction can be introduced 
through R^ integrals. 
F (nl n'T) represents that part/the electrostatic energy which depends 
on orientation of 1 vectors and is responsible for the separation of terms 
with different L values in LS coupling . G (nl n 1 ) give energy due to 
exchange forces which depend on the spin orientations. They cause 
splitting terms with equal L but different total spin S. in case of equivalent 
electroiT^like p , p' etc, G parameters vanish, n^i represents spin orbit 
interaction energy, the magnetic spin orbit interaction may be introduces 
perturbation and give the fine structure splitting. The general form of these 
integrals can bee seen in the following lines: 
2/ + 2 d_ 
dr 
R 11. 
r 
d_ 
dr 
( R III IZrR niR 
V r ; 
nl dr 
2 r (a )'•• 
(b) 
r, r. dr, dr -, k + \ ' \ ' 1 
(6) jt +1 ^1 ^ 2 1 2 
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^' = f f ^*"4^l)^*'V.(^2)^,,,(^l)^V,(^2) 
2r{ay 2 2 , , 
r (by k + \ '1 '2 ^ ' 1^ ' 2 
2 
^,„ = h'l^^\R,„\Ur>'dr 
2 7 2 V 4 
2m^c^a„'«,,'/,(/,+l/2X/,+l) 
and 
] 1 dv 
^(r) = 2 /??" c" r (ir 
Further detailed theory of atomic structure and spectra can also be found in 
[2,3,4 ] 
1.2 Numerical Applications of Hartree-Fock 
Calculations: 
The application of the above theory in predicting the structure of the 
complex systems where many electrons are involved is not simple. As 
mentioned above t j ^ the exact solution can be worked out only for the 
simplest atom the hydrogen, for jM complicated systems, ^ 'equations 
become so complicated that it is ahnost impossible to find an exact solution 
of the Schrodinger's wave equation. However, Dr. R.D. Cowan [4] 
developed a computer code involving the basic theory behind the structure 
of the atoms and incorporating some of his own suggestions to solve these 
complicated equations . Cowan's approach was essentially to solve the 
Slater parameters (E av, F^, {^ i^, G*^  and R^). The set of programs as named 
by Cowan follow the sequence as under: 
( i ) RCN 
( i i ) RCM2 
(i i i ) RCG 
( iv ) RCE 
(I) RCN: 
The primary information is always given to RCN and each program 
automatically provides input information to the succeeding program. A 
typical example of the input file containing the configurations from both 
parities which has been used to calculate the spectra of singly ionized 
iodine atoms is given in Table 1.1 
The program RCN calculates single configuration radial wave function 
Pal (r) for spherically symmetrized atom via any of the following 
homogeneous differential approximation to Hartree- Fock method: 
Hartree (H) 
Hartree-Fock Slater (HFS) 
Hartree plus Statistical Exchange (HX) 
Hartree Slater (HS) 
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Table 1.1 : An input file to RCN for calculating III 
structure. 
5 . E - 0 8 l . E - 1 1 - 2 0 0 1 9 0 0 1 . 0 0 . 6 5 0 . 0 200-90 
53 
53 
53 
53 
53 
53 
53 
53 
53 
53 
53 
53 
53 
53 
53 
53 
53 
53 
53 
53 
-1 
0 2 01. 
21-2 
21-2 
21-2 
21-2 
21-2 
21-2 
21-2 
21-2 
21-2 
21-2 
21-2 
21-2 
21-2 
21-2 
21-2 
21-2 
21-2 
21-2 
21-2 
21-2 
0.2 
5p4 
p34f 
p35f 
p36f 
p36p 
p37p 
p38p 
p39p 
sp5 
p36s 
p37s 
p38s 
p39s 
p35d 
p36d 
p37d 
p35g 
p36g 
p37g 
p38g 
4D10 
4D10 
4D10 
4D10 
4D10 
4D10 
4D10 
4D10 
4D10 
4D10 
4D10 
4D10 
4D10 
4D10 
4D10 
4D10 
4D10 
4D10 
4D10 
4D10 
-11  
5S2 
5S2 
5S2 
5S2 
5S2 
5S2 
5S2 
5S2 
5S1 
5S2 
5S2 
5S2 
5S2 
5S2 
5S2 
5S2 
5S2 
5S2 
5S2 
5S2 
 
5P4 
5P3 
5P3 
5P3 
5P3 
5P3 
5P3 
5P3 
5P5 
5P3 
5P3 
5P3 
5P3 
5P3 
5P3 
5P3 
5P3 
5P3 
5P3 
5P3 
4F1 
5F1 
6F1 
6P1 
7P1 
8P1 
9P1 
6S1 
7S1 
8S1 
9S1 
5D1 
6D1 
7D1 
5G1 
6G1 
7G1 
8G1 
yi^ here 53 in the l" column is atomic no., 1 in/2" column represents name of the 
element and 2 the spectaim no!",3"^  column represents configuration ana,"4" column 
represent electronic distribution. 
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Hartree-Fock (HF) 
Normally the HX method or the centre of gravity HF method is most 
frequently used. Beside that it also calculates the various radial integrals 
R , F , G , „^i and Eav for each configurations involved with approximate 
relativistic and correlation energy corrections. 
(II) RCN2: 
The radial wave functions from the output of RCN becomes the 
input to RCN2 for the calculation of the various multiple configuration 
radial integials, overlap integrals, configuration- interaction Coulomb 
integrals R^  and spin- orbit interaction integrals C^i] and radial electric dipole 
and electric quadruple integrals. It also calculates all the quantities 
required by the next program to calculate the energy levels and spectra of 
an atom and prepares the input file for RCG. The procedural details and 
the theory behind all this can be found in the Theory of Atomic Structure 
and Spectra by R.D. Cowan [4], 
(III) RCG : 
This part of the Cowan's program uses Racali - algebra techniques 
to compute the angular factor of various matrix elements in the above 
described theory. It calculates the energy eigen values of each individual 
energy level, transition wavelength, its wave number and the transition 
probabilities of each transition involved in the system. It also has a 
provision to calculate the electric quadruple E2 as well as magnetic dipole 
Ml transitions. Beside that it also calculates the LS percentage composition 
of the mixed levels when the system is complex. Finally the average 
14 
purities of all the configurations of both parities in LS as well as in jj 
coupling scheme thus giving an idea about the suitability of the coupling 
scheme to be used. Lastly it also calculates the lifetime of the excited 
states. In fact this provides the main output of the ab initio calculations. It 
has a provision to recalculate the whole things by using more appropriate 
Slater Parameters which are finally obtained from the last part of the code^ 
ie by running the least squares fitted parametric calculations. 
(IV) RCE: 
This is basically a least squares fitting program. When sufficient 
number of levels (more than 50%) are experimentally known, then these 
known levels are used as an input for the RCE programs to recalculate the 
Slater Parameters by making them free and adjust themselves in 
accordance with the observed energy levels in the iteration process. These 
parameters are naturally much closer to the real value and therefore the 
unknown levels are predicted more precisely by these new parameters. It 
helps greatly to locate the missing levels. This new level is fed back into 
the input of the RCE program and the next run gives even better value of 
the energy parameters. Finally, when almost all the levels are found, these 
parameters are used to recalculate the transition probabilities by RCG 
program and the very last few missing levels which are mostly based on 
only one good transition are established. The final run of the RCE gives 
the exact LS percentage composition of the various levels and the least 
squares fitted parameters. 
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1.3 Regularities along the sequence : 
There are various techniques which can be employed to check the 
regularities of the same observed levels found in different ions having 
exactly similar electronic structure. Such a system with identical electronic 
structure and having different nuclear charges Z exhibits a number of 
relationships that are of great interest both for the practical analysis of 
spectra and for the systematic description of the experimental results 
and their extrapolations. These ionic systems are termed as isoelectronic 
sequences. For instance in our case, neutral atoms of tellurium will have 
exactly same number of electrons outside the nucleus as singly ionized 
iodine and higher members like Xe, Cs, Ba, La & Ce etc all exceeding 
by one nuclear charge from their predecessor will therefore, have same 
number of electrons as singly ionized iodine when xenon is doubly ionized 
, cesium is triply ionized , barium is four-times ionized and lanthanum is 
five times ionized and so on. As a nomenclature neutral atoms of Te will 
be denoted as Te I and singly ionized iodine by III and doubly ionized 
xenon will be written as Xe III and so on. The number written after the 
symbol of each elements gives the net charge of the core ie. Z - (N-1) 
where Z is the atomic number and N is the total number of extra nuclear 
electrons. This number Z - ( N-1) is denoted by ^ which is often called as 
spectriu-n number. For example ^ = 1 for Te I, (, =2 for III, ^ = 3 for Xe 
III etc. In case^ if emphasis is on a particular highly ionized member of a 
sequence, the sequence might be denoted by this particular member,- for 
instance Te I sequence may also be called as Xe III or Cs IV sequence. 
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In the study of isoelectronic sequence the graphical methods are of 
great help. When we plot the terai T or more appropriately E (the energy 
value of the level in cm'') vs Z we find an approximate trend because E 
increases very rapidly with Z and this plot is not sensitive enough to show 
irregularities. This problem was solved by Prof Bengt Edlen, ja€ studied 
the dependence of Z on energy levels in many ways and also the other 
atomic regularities. We may then plot against (^ some function of term 
value, as for instance V T, T/( (^ +c), T/( ^ +c)^ where c is an arbitrary 
constant. The most useful and convenient expression is T/(^+c) or E/(^ +c). 
When a curve between T/( C, +c) and ^ is plotted a steep upward trend of T 
vs ^ plot is replaced by a downward slope and this also permits the use of 
large scales. By choosing the suitable value of constant c these curves can 
be made horizontal and smooth. This constant is in fact more effective at 
the beginning of the sequence than for higher members. It may be guessed 
from the equation Ei/( i^ + c) = E2/( C2 +c) where Ei is the energy of the 
lower member of the sequence while E2 is the energy of the higher member 
of the sequence. Once a horizontal trend is obtained, more and more 
sensitive scale may be chosen for desired precise comparison. This kind of 
representation is utilized generally for ground configuration or for 
configuration having same n values as ground. 
For the case where n of the configuration concerned is different from 
that of the ground the above mentioned representation fails to give 
horizontal curves. E /( ^ +c) vs Z plot then gives rather an upward rising 
trend for higher members of the sequence. This upward slope is reduced by 
subtractnig C, a^ from E/( ^ +c), where the hydrogenic term OH is given by 
the relation 
17 
a„ = R^ ' I 1 ^ 
^ / 7 , n, J 
or more precisely as 
n 
1 + 
1 K1 f 
a c, 
n 
n 
\^ 
/ + 12 4 J) 
where R is the Rydberg constant , ni, \\2 are principal quantum 
numbers of the ground and the other shell involved in the configuration 
concerned respectively , a being the fine structure constant this subtraction 
of ^OH from E/(^ +c) affects the higher members of the sequence more and 
consequently the plots give appreciably better results. 
Beside these methods as mentioned-above there are many more 
ways to check the regularities along the sequence [5] using simple 
isoelectronic extrapolations. 
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Cliapfer-2 
Experimental Details 
2.1 Light Sources: 
The spectrograph is a powerful tool for the investigation of the 
nature and properties of the material emitting the radiation, and for 
determining the structure of the radiating or absorbing atoms or molecules. 
The information that can be gained by use of spectrograph depends to a 
considerable extent on the proper choice and use of the available light 
source. The excitation sources conventionally used for obtaining the line 
spectra of chemical elements are the flame, the arc and the sparks, 
discharge of low pressure (high frequency discharge, hallow cathode 
discharge and vacuum spark discharge), radio frequency torches, plasma 
jets and laser produced plasma^ afCsCDfflTmHilyTi9©d''§»SMirc^  
Each of the terms flame, arc, sparks represents a different source 
class. The principal difference between flames, arcs and sparks is the 
manner in which the excitation energy is supplied, for instance by 
combustion in the flame and by an electrical current in the arc and spark. 
Light sources are classified according to the spectrum they emit, as 
continuous or discontinuous, although the distinction between the two is 
not absolutely sharp. A continuous spectrum is characterized by a generally 
uninterrupted range of wavelength over a considerable region, and by the 
absence of sharp lines or bands. In the visible region this spectrum appears 
as an unbroken series of colours changing imperceptibly from one to the 
next. Discontmuous sources, on the other hand, show a number of sharp, 
narrow bright Imes in their spectrum. The radiation is emitted by the 
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individual atoms or molecules in the light source, which are usually in a 
vapour or gaseous state. Normally for lower ionization a hallow cathode 
discharge is more suitable light source. A brief sketch of hallow cathode 
discharge tube is given in Fig.2.1,When the cathode is made hallow and 
discharge pressure is reduced, the discharge retreats within the cathode 
until, at a pressure such that the mean free path of the electrons is 
approximately the cathode diameter, the negative glow fills the hallow 
cathode. This hallow cathode glow, first used by Paschen, [I] is 
characterized by low potential gradients and an almost pure electron 
excitation. The electron velocities are limited by the critical potentials of 
the sustaining gas [2]. The material of the cathode, or of any metal lining it, 
is vaporized by bombardment of the gas ions and excited by electron 
collisions. When the rare gases are used and the pressure is properly 
regulated, the excitation is well adapted for the full development of high 
series member of the spectra of singly ionized atoms. Since this source 
operates at a relatively low pressure, the tube can be placed directly before 
the slit of a vacuum spectrograph and used to excite series spectra in the 
extreme ultraviolet [3]. The cathode may be made of the material to be 
excited if it is a metal with suitable physical properties. Other materials 
may be placed inside a hallow cathode./ graphite, stainless steel, or 
tungsten are suitable for cathode containers because, even at high 
temperatures, they contribute very little material to the discharge. 
hi our case, the iodine plates used here were recorded for the purpose 
of studying multiply ionized spectra like I III - I VI [4-7]. However, these 
piates had enough lines belonging to singly ionized iodine and were 
showing very good ionization separation, particularly on high inductance 
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Fig. 2.1: Paschen's hallow cathode discharge tube 
A , anode; C , cathode. 
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track. These plates were recorded by using a light source called Triggered 
Spark which will be described here briefly. 
2.2 Triggered Spark Light Source : 
The Hght source used for the present spectral recordings was a 
modified Spark source called Triggered Spark. The source is some what 
similar to a vacuum spark source which is very well described by 
Bockasten [8] , Svensson and Ekberg [9]. The only difference is that one 
can have a much better controlled spark for very low voltages ( ~ 2kV) as 
well as even for very high voltages ( - 1 5 - 2 0 KV ) by a 30 KV trigger 
modules TM -11A pulsed transformer. The charging condenser bank is a 
14|iF fast charging low inductance capacitor chargeable up to 20 KV. 
According to the need parallel combination of 14 ii¥ capacitors as well as 
big condenser bank of 120 [iF (an assembly of tliree capacitors) are also 
used to obtain very high degree of ionization. 
The trigger module TM -11 A is a compact versatile instrument 
from EG and G designed to provide a high voltage trigger pulse of fast rise 
time. The TM-l 1A provides a trigger pulse of 30 KV that can be utilized 
for initiating communication in triggered spark gaps, xenon flashtubes or to 
provide an ignition type for other special devices requiring a high 
impedance source. In triggering these devices, the fast rising pulse of the 
TM-l 1A results in minimum delay time and jitter. Picture-1 & Picture-2 
shows front and rear design of TM-l 1 A. 
The TM-l 1A is an integrated package consisting of a line voltage to 
d.c . power supply, a primary triggering circuit, a krytron switch tube and a 
pulse output transformer. The output is provided through ceramic high 
voltage bushing at the rear of the cabinet. The bushings provide limited d-c 

2if 
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isolation between the pulse output and the ground of the cabinet. The pulse 
transformer is housed in an oil filled case. 
The trigger module can be operated by push button control from the 
panel, remotely by an accessory push button cable assembly, or by a low 
impedance pulse generator connected tlirough the front panel oscillator 
input jack. A voltage control provides variable output. 
The TM-llA utilizers components in the driver, switching and 
output stages that minimize overall delay time. The krytron and output 
circuit generate a steep di/dt function to provide a very fast rising output 
voltage waveform. 
2.3 The Spectrograph: 
The most suitable device for recording the spectrum 
photogiaphically is the spectrograph. There are so many types of 
spectrogiaph for the purpose. Medium quartz, constant deviation, three 
prism etc. are the low dispersion spectrograph used for visible region. 
Better resiolution spectrographs are grating spectrographs like 21 feet and 
35 feet grating spectrographs of Aligarh Muslim University are good 
enough to record molecular spectra./It^worlcg in/open air. There are also a 
verity of vacuum spectrograpli, giving a first order dispersion up to 0.2A 
per mm on the plates. Depending on the region of investigation, proper 
choice of the spectrograph is made. If the region of investigation lies in ^^^> 
very short wavelength region then grazing incidence spectrograph is 
required which can recor^'as low as)( few Angstroms. For the wavelength^ 
say about from 300 A to higher wavelength, the Normal Incidence 
Vacuum Spectrograph is the best. Our region of investigation for present 
work is definitely the region of Normal Incidence Vacuum Spectrograph. 
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The spectra of iodine were recorded on a 3-m Normal Incidence Vacuum 
spectrograph at St. Francis Xavier University Antigonish (Canada). The 
general feature of the 3-m vacuum spectrograph of the Lund Institute of 
Technology (Sweden), very similar to the spectrograph of Antigonish 
laboratory is well described by Minnhagen [10]. The out line of horizontal 
section of the spectrograph is shown in the Fig.2.2 The vacuum tank like a 
grand piano shaped is made of aluminium sheets bolted together with 
rubber gaskets in groves along the joints. Proper arrangements are made to 
prevent the deformation of the vacuum tank by supporting thick aluminium 
plates (A-A ) with appropriate aperture for the passage of the light. The 
optical component i.e slit-B, plate holder (P-P) and grating G are mounted 
on the rigid frame that tank provides. The mounting of grating G can be 
adjusted with several screws and focusing can be achieved from the outside 
even when the instrument is evacuated. However, the Antigonish 
spectrograph differs slightly and focusing is achieved manually by 
adjusting the plate holder when tank is open. The radius of curvature of 
concave grating of the Antigonish laboratory is is about 3m, the ruling of 
grating is 2400 grooves/mm over a ruled surface of 65x150 mm , givmg a 
plate factor of 1.385A/mm in the first order. 
The plate holder is designed in such a way that it forms part of the 
Rowland circle and matching the radius of curvature of the grating. It can 
move in the direction perpendicular to the plane of Rowland circle and 
hence several positions can be chosen without disturbing the vacuum 
system because of its proper arrangement. The length of the plate holder is 
about 770 mm, so tliree plates of the length of the 250 mm can easily be 
fitted against the circularly cylindrical surfaces of the plate holder (P-P) 
The i'\ntigonish plate by means of metallic cork-lined railing (R-R) Fig.2.3. 
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Aholder can also hold three 10" plates or two plates each 15" long in size 
thus covering the spectral region about 1050 A in one setting. By changing 
the grating orientation at a different angle, the spectral region changes to 
higher wavelength. In the second set up it covers approximately 1050 A -
2100 A region, thus giving a fairly good overlapping region to find the 
correspondence in two sets of recordings. 
The slit is mounted on the end wall beside the plate holder tank. This 
can also be removed without altering the vacuum system. The window is 
fitted in the tank wall at a position which allows the zero-order light beam 
to emerge. Thus .slit can be inspected visually during the exposure. The 
light from the source passes tlirough this horizontal slit and falls on the 
grating with an angle of about 9.5° and diffracted light is received on the 
photographic plate in the first set up While for the second set up this angle 
of incidence is about 17.5°. 
The experimental arrangement is shown in picture-3. The spark 
chamber of light source & inductance coil can be seen in picture-4 & 
Grant's automatic comparator in picture -5. 
2.4 Spectral Recordings And Calibration Of 
Wavelength: 
The spectra of iodine for the present work were recorded by Dr. 
Tauheed Ahmad at St. Francies Xavier University, Antigonish ( Canada ) 
using Triggered Spark light source. The cavity of the Aluminum electrodes 
were packed by the Lithium Iodide powder and these electrodes were 
connected to a fast charging capacitor chargeable up to 20 kV. The 
capacitors were charged to different voltages say from 2 kV to 7 kV for 
different tracks. Several exposures were taken on each plate at different 
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conditions to have a reliable ionization separation. For the wavelength 
region 260A-2100A Kodak, short wave radiation (SWR) plates were used. 
Only for very short wavelength^ regions below 500A, Kodak 101 - 105 
type plates were also used to record very weak lines as these plates are very 
sensitive for grazing incidence wavelengths region. The inductance coil of 
varied number of turns were also introduced into the discharge circuit to 
separate out the Unes belonging to different ionization stages. Thus on a 
particular track, only lines of singly and doubly ionized iodine could be 
recorded and the higher ionization lines could be completely eliminated 
with the introduction of higher number of turns in to the discharge circuit. 
The spectra recorded under these conditions can be seen in the appendix at 
the end of the dissertation. 
Spectrograms were measured at Aligarh on an Abbe Comparator as 
well as in Canada by using a semi-automatic Grant Comparator. Internal 
standards of C, O, N and Al lines [11] present on the plates as impurity 
lines were used to calibrate the observed spectrum by fitting these data with 
a polynomial of several degrees of freedom by a computer routine called 
MOSFIT [12]. The maximum degree of freedom can be 9. The number of 
standards which can be used to fit the polynomial are virtually unlimited 
say for example more than 100 standards can be use to fit the data. The 
accuracy of the wavelength measured is ± 0.005A or better for sharp lines 
which gives an uncertainty (AX/X^) in the established level values with the 
observed transitions at lOOOA only 0.50 cm '' and for the wavelengths at 
2000A, the uncertainty in the measured wave number corresponds to only 
0.125 cm"'. 
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2.5 Ionization Separation : 
Following the calibration of the wavelength the ionization separation 
of all the lines was undertaken. Since this is an important part of the data 
analysis, extreme care is taken in deciding the ionization assignment to 
each individual lines. We look carefully on the various plates of iodine and 
stud@)the intensity variation of the previously known lines of iodine [4-7] 
on different track and establish a criteria for III lines. It was observed that 
the lines of singly ionized iodine were present on the very last track which 
was recorded with very high inductance coil in the discharge circuit. This 
particular track does not contain lines from higher ionizations. Only intense 
lines of I III were also present on this track with decreasing intensity from 
the previous track while lines of III were showing an increase in intensity 
on the very last track because this track was more favorable for I II lines. 
Moreover, 1 II lines were very diffuse on the first track which was recorded 
without any inductance in the circuit. It gave us very reliable ionization 
separation of III lines. 
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Cliapfer-3 
Spectrum of Singly Ionized Iodine ( I - I I ) 
3.1 Review of the earlier work : 
The first work on singly ionized iodine atoms was started by 
Lacroiite in 1935 [1] utilizing the measurements by L. Bloch and E. Bloch 
in the region 798 - 2200 A. He reported the Zeeman data for many lines 
and observed several series. Murakawa [2] in 1938 studied the hyperfine 
structure, revised the series and extended the analysis. The analysis was 
further followed by Lacroute in 1939 [3] to publish the term system used for 
the analysis. More rigorous analysis was undertaken by Martin , Corliss 
and Kiess at the National Bureau of Standards (Washington DC) and their 
data has been compiled in Atomic Energy Level [4]. Later on a very 
detailed analysis of the I II was published by Martin and Corliss [5] in 
1960. No doubt this was a very comprehensive piece of work involving a 
large number of configurations from even and odd both parities and covers 
spectral range from 655A to 11084A.This analysis include, 124 levels of 
even parity configurations and 190 energy levels of the odd parity system. 
They measured g j factors for 46 levels and also observed magnetic dipole 
transitions between levels of the ground configuration, P^2 - 'D2 at 7282A, 
^P, - 'So at 4460 A . In all they have classified about 1800 line of III. 
The observed levels of odd parity configurations belong to the 5s5p^, 
5p''ns (n = 6-11), 5p^ nd (n = 5-13) , 5p^ng (n = 5-12) and even 
configuration to 5s^ 5p'* , 5p^ip (n = 6-8) , 5p\if (n = 4-9). Out of these 
attempted configurations only the levels of the ground configuration 5s^5p'' 
and three lowest exited configurations namely 5s5p^, 5p^6s and 5p'^ 5d were 
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reported completely. Among the remaining configurations the LS 
designations as well as configurations were assigned to a very few levels , 
while for others only some numbers and J values have been listed. In 
several cases even a bunch of levels, have just been indicated belonging to 
a bunch of configurations like 5p^6d, 7d, 8s and 5g etc. Thus the paper 
lacks serious theoretical interpretations. Moreover, such a complex 
structure can be explained only on the basis of multiconfiguration 
interaction (C.I.) calculations which by that time was not available. With 
the availability of fast computer and different computer codes, it is now 
possible to give a good theoretical interpretation of such complex spectra. 
Since Te I isoelectronic sequence have been studied very well recently [6 
- 10] and a very clear picture has emerged from the study of these spectra 
in the understanding of the structure of complex systems. The only missing 
information in the beginning of the sequence was highly desirable. This 
prompted us to undertake this project. 
3.2 The Structure Determination: 
As mentioned before that neutral iodine has 53 electrons, 
consequently, singly ionized iodine will have 52 electrons and hence its 
electronic configuration will be as follows: 
Is', 2s^ 2p', 3s', 3p', 3d^^ 4s', 4p^ 4d'', 5s', 5p' 
Thus its ground configuration will be 5s' 5p''. Since p orbital can occupy a 
maximum of 6 electrons therefore, lacking by two electrons. For structure 
determination, Sp"* will be considered same as 5p' except its term would be 
inverted, for instance ^Pojj will be observed as ''P2,i,o • Hence the structure 
of 5p can be found out by applying Breit Scheme of magnetic quantum 
number [11]. The other short cut method which works perfectly for 
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equivalent electrons is similar to Vector Model but in order to satisfy the 
Pauli's Exclusion Principle that no two electrons of the same atom can 
have all the quantum numbers same, a condition is applied to the derived 
term structure from the Vector Model and retaining the terms only which 
satisfy the condition L + S = even ( L is the total orbital quantum number 
and S is the total spin quantum number of the atom / ion), the remaining 
one do not satisfy the Pauli's Exclusion Principle therefore, are rejected. 
This way we have the level structure of 5p (same as 5p ) configuration as 
follows: 
5p^ = 5p5p 
here, the two electrons have their individual orbital quantum number as 
li=l andl2= I 
The total permissible orbital quantum number of the atom / ion is therefore, 
L = I l , - l2 I - I l , + l 2 i 
L = 0,1,2 and the resulting states are therefore, S, P and D 
Since there are only two electrons so their resuhant spin S are either 
parallel or anti parallel, thus 
S = 1, 0 
The multiplicity can be determined as 
M = 2S+1 
Corresponding to S = 1, we have M = 3 (triplet terms) and for S = 0, we 
get M = 1, giving singlets. 
The possible terms are ^S, ^P, ^D, 'S, 'P and ' D , out of these terms only 
"'P, D and S satisfy the condition L+S = even, are therefore, retained and 
the others are rejected. Thus for 5p^ configuration, we have the following 
terms : 
T, ' D and 'S 
Finally the total angular momentum quantum number (J ) can be found as : 
J = I L + S I - I L - S | 
For '? term we have L = 1 and S = 1, therefore J = | l + l | - | l + l | which 
follows as J = 2,1 and 0. Similarly for ' D , we have L = 2, and S = 0 thus 
I L+S I - I L-S I gives J = 2 and for 'S , J = 0. 
Therefore, the resulting energy levels are 
5p' : ¥2 , 'P„ 'Po, 'D2 and % 
The main excited configurations are of the type : 
5s5p\ 5s^5p' nd ( n > 5), 5s^5p^ ns ( n > 6), 5s^5p^ np ( n > 6) , 5s^5p^ nf, 
( n > 4), 5s^5p'ng( n > 5) etc. 
Since all these configurations are representing non equivalent electron 
except the core which is 5p\ In order to determine the structure of these 
configurations, we will apply the Vector Model teclinique for the whole 
individual configuration while applying the technique of the magnetic 
quantum number for 5p" and making the group of tliree electrons together 
avoiding at least one quantum number different. This is well illustrated in 
Atomic Spectroscopy by H. E. White [11] and the terms are as follows ; 
5p\- 'S, ^D and ^P. 
These three terms arising out of the core are then combined with the 
running electrons like ns, np, nd, nf and ng etc for the final structure. The 
procedure is as follows: 
5p' ns : 
5p"( S, D, P)ns will be treated as under: 
The parts of the configuration would be (''S)ns, (^D)ns and (^P)ns and 
all of them will be treated separately as: 
('S)ns 
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Here, the parent term will be treated as one effective electron and the other 
will be ns, therefore, the two individual orbital quantum numbers would be 
li = 0 and 12 = 0 , Hence L = | 0 + 0 | - | 0 - 0 | = 0 
Thus L = 0 means S state will be formed 
The multiplicity can be found like: 
M = 2S+1 
Where S is the total spin of the system and is obtained as 
S = | s i + S 2 | - | s i - S 2 | 
Here S| is the combined effect of the total spin which forms a ''S implying 
that it should be 3/2 and for S2 is as usual 1/2. 
Thus S will be either 2 or 1 
Corresponding to S = 2, we have muhiplicity 2S +1= 5 (Quintet State) = ^ S 
Similarly for S = 1, we get M =3 ( Triplet State), hence the other multiplet 
would be 'S. 
Therefore ('^ S)ns will result into ^S and ^S states 
Now the parent term D will follow as: 
( D)ns; Here, 1] = 2 and I2 =0 Thus L = 2 and the resulting state will be D 
state 
The total spin in this case would be : S = | si +S21 - | Si - S21 where to 
form a doublet S] must be =1/2 while S2 is naturally 1/2. Hence S = 0 and 1 
Therefore the Multiplicity will be M = 2S + 1 as 1 (Singlet State) and 
3 (Triplet State). The final terms arising out of (^ D)ns = ^D and "^D 
Finally the terms with the parentage (^ P) can be obtained the same way as 
above and we get the following terms: 
(^ P)ns = 'P and ¥ 
Thus the final terms arising out the whole configuration 5s^5p^ns will be : 
5s'5p'ns = ('S) 'S, ('S) \ ( ' D ) ' D , ( ' D ) ' D , ( ' P ) ^P and ('P) 'P 
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The other configurations can be calculated in the same manner as above, 
the terms obtained are as follows: 
5s'5p'np = ('S) 'P, ('S) ¥ , (^ D) 'P, ('D) 'D, ('D) 'F, ('D) ¥ , ('D) 'D , 
('D) 'F, ('P) 'S, (¥) P^, ('P) 'D, (^ P) ^ S, ('P) ¥ and ('P) D^ 
5s'5p'nd = ('S) 'D, ('S) 'D, ('D) *S, ('D) ^P, ('D) 'D, ('D) 'F, ('D) 'G, 
('D) ^S, ('D) ¥ , ('D) 'D, ('D) ¥ , ('D) 'G, ('P) 'P, ('P) ^ D, 
('p) F^, (^ P) ¥ , (¥) D^ and (¥) ^ F 
5s^ 5p^ nf = ('S) 'F, ('S) ^F, (^D) *P, (^D) ^D, (^D) 'F, (^D) ^G, (^D) ^H, 
(^ D) 'P, ('D) ^D, ('D) 'F, (^D) 'G, fD) 'H, ('P) 'D, (^P) 'F, 
CP) ^G, (^P) ^D, CF) ^F and (^ P) G^ 
Ss'Sp'ng = ('S) G^, ('S) 'G, (^ D) 'D, (^D) ^F, (^D) ^G, (^D) ^H, ('D) % 
CD) ^D, (^D) ^F, (^D) ^G, (^D) ^H, (^D) ^I, (^P) ^F, (¥) G^, 
(^ P) H^, C?) % C?) ^ G and (^ P) H^ 
Finally, the core excitation leads to the configuration 5s5p^ which will have 
essentially the same structure as 5s5p except the terms would be inverted. 
Thus proceeding in the same manner as above the levels obtained from this 
configuration are ^Pi, ^ Pi, ^ Po and ^Pi 
33 Ab Initio Calculations: 
Multi Configuration Interaction code of R.D. Cowan [12,13] was 
used to predict the theoretical structure of the singly ionized iodine. Since 
similar configurations have been seen almost completely overlapping in 
the isoelectronic sequence Xe III [6], Cs IV [7], Ba V [8] and La VI [9] 
thus it was found necessary to involve a large number of configurations of 
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both parities. The following configurations were incorporated in the 
configuration interaction calculations : 
Even parity : 5s^5p^; 5s^5p^6p, 7p, 8p, 9p lOp ; 5s^5p^4f, 5f, 6f, 7f, 8f, 
9fand5p^ 
Odd parity ; 5s^5p^5d, 6d. 7d, 8d, 9d lOd ; 5s^5p^6s, 7s, 8s, 9s, 10s, l i s , 
12s ; 5s25p^5g, 6g and 7g. 
It was a very big matrix to be evaluated, however, with a Pentium 
PC of 20 GB HDD and 64 MB SD RAM with 850 MHZ we were able to 
run this calculations successfully. Soon it was realized that the 
configuration interaction effect due to the 5s^ 5p"^ ng was not very significant 
hence 5p3ng configurations were dropped from the final CI calculations. 
However, 5s^5p^ng configurations were calculated separately to interpret a 
few reported levels of ng configurations by Martin and Corliss [5]. To start 
the calculations, the Slater Energy parameters [14] were scaled as follows: 
E av 100% of the calculated HFR value 
F*" 85 % of the calculated HFR value 
C 100% ofthe calculated HFR value 
G*" 80% ofthe calculated HFR value 
R^ 75 % ofthe calculated HFR value 
a chosen arbitrarily -100 cm"' 
and it was assumed that the average energy of the ground configuration 
was 0.00 cm"'This predicted the ground most level Ss^ Sp"* P^2 at -8326 cm"'. 
Since it is the known level with certainty to have energy 0.00 cm"', thus the 
base energy was shifted from 0.00 cm"' to +8326 cm"' and the whole thing 
was recalculated. This gave us the reasonably good prediction. It was 
observed that almost all the configurations of odd parity are almost 
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inseparable and overlapping greatly.As an example the energy spread of 
5s5p^;5p''6s, 7s, 8s; 5p'^ 5d, 6d, and 7d configurations can be seen in Fig. 3.1 
3.4 Analysis and discussion: 
The levels of the ground configuration were predicted more precisely 
u 
by using the scaling factor obtained from the neighboring isoelectronic 
sequence member Xe III [6], Cs IV [7] ,Ba V [8] and La VI [9]. Apart from 
that^  isoelectronic interpolations of the four levels other than "P2 (which is 
0.00 cm"') were carried out to check the regularities along the sequence. 
Fig.3.2 shows^all four levels are quite regular. The least squares fitted 
levels of ground configuration are given in Table 3.1 and the fitted 
parameters in Table 3.2. Thus with these information^ and the predicted 
transition probabilities we started the transition array 5p - 5s5p^ Very 
extensive use of a computer program called FINDS [15] has been made to 
find the new energy levels. Our ionization separation of I II lines on the 
plates was so clear that it was soon established beyond doubt that the 
ground levels reported by Martin and Corliss [5] were correct. Further 
analysis was extended to other array Sp"* - 5p^ (5d + 6s), which was in a 
very good region on our plates. Successfully all the levels of 5p^5d and 
5p-^ 6s were established satisfactorily except three levels with J = 4 (^F4, 'G4 
and " G4) of 5p" 5d and one with J = 5 ie G5 . These levels do not give 
any electric dipole transition from the ground levels as the highest J value 
among the ground levels is only 2. However, 'G4 and G^4 levels of 5p^5d 
were reported by Martin and Corliss [ 5 ] from the combination to the 
higher configurations 5p^4f and 5p^6p, appears to be right according to our 
LSF calculations and fitting nicely into the Least squares fit, have 
therefore, been taken from the paper. Once 5s5p^ 5p\5d+6s) 
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n 
16 
15 
14 
13 
12 
11 
10 
5 s Hp^ 
5p^7d 
5p^8s 
5p^6d 
5p^7s 
5p^5d 
5p^6s 
Fig 3.1 The energy spread of various configurations. 
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configurations were established the analysis was further extended to 
establish the 5p\6d+7s) levels. Fortunately these transitions also lie in 
reasonably good region on our line list, thus the establishment of 5p^6d and 
5p'7s could be possible. Once again all but four levels could be established 
due to the reason explained above. I must point out that the reported levels 
of 5d ¥(, at 97984.2 Cm"' by Martin & Corliss [5] could not be verified. 
Moreover this level value did not fit into our least squares fitted 
calculations. It deviates by more than 1100 ^m" We therefore, suggested 
an alternative level at 99205.3 ^m" with the identification of the line at 
9218.7 A. This fitted well into the LSF calculations. In many cases 
designations of the levels were changed. For instance in several cases no 
designations were assigned at all rather a bunch of levels were indicated 
belonging to a number of configurations and even the levels were simply 
numbered along with their J values. In several cases double or triple J 
values were being assigned to levels eg. 136443.3 (J=I,2), 136561.8 
(J=l,2), 139551.7 (J=l,2), 145837.7 (J=l,2), 148079.4 (J-2,3), 150324.1 
(J=2,3), 151917.7 (J=3,4) 149866.6 (J-1,2,3), 152199.0 (J=l,2,3) etc. In 
our analysis we remove these ambiguity and the levels are very well 
theoretically interpreted o0w. 
Apart from 5p^5d, 6d, 6s and 7s, there are also a few terms like ^D 
and "'D of the higher configurations like 7d -14d and S as well as S of 8s 
-12s are also reported by Martin and Corliss [5] . It became quite 
interesting to see how well these very high lying configurations and their 
terms are theoretically interpreted. A simple procedure was adapted by 
checking the ratio of the Hartree- Fock values of these levels for the case of 
5p'5d, 5p'6d, 5p 6s, and 5p 7s and comparing the ratio obtained for the 
higher configurations. The ratio obtained was found to be very consistent. 
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On this basis we confirm the assignment of particularly D and D levels of 
7d - 13d as well as S^ and "^S of 8s - 12s. The comparison of the ratio can 
be seen as under: 
5p^nd D^3 HF value Experimental value Ratio=Exp/HF 
5d 
6d 
7d 
8d 
9d 
lOd 
Ud 
12d 
13d 
14d 
5p^nd 
5d 
6d 
7d 
8d 
9d 
lOd 
lid 
12d 
13d 
14d 
83586 
12019 
132688 
139023 
142736 
145073 
146653 
147771 
148590 
149204 
^D3 
61699 
124962 
133202 
140199 
143307 
145325 
147115 
147900 
148932 
149518 
85728 
121778 
134441 
140879 
144587 
146959* 
148559* 
149692* 
150521* 
151143* 
93006 
125288 
135585 
141634 
144965 
147307 
148700 
149644 
150608 
151192 
1.025 
1.013 
1.013 
1.013 
1.013 
1.507 
1.002 
1.017 
1.010 
1.011 
1.013 
1.011 
1.011 
1.011 
1.011 
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5p^ns 'S2 HF value 
6s 
7s 
8s 
9s 
10s 
lis 
12s 
Sp^ ns \ 
6s 
7s 
8s 
9s 
10s 
lis 
12s 
80157 
117247 
131168 
138164 
142185 
144709 
146399 
83541 
118415 
131614 
138434 
142330 
144808 
146476 
irimental 
81032 
118607 
132837 
139958 
144023 
146577 
148302* 
value Ratio = Exp/HF 
1.011 
1.011 
1.012 
1.013 
1.013 
1.013 
84842 1.015 
119888 1.012 
133297 1.012 
140125 1.012 
144182 1.013 
146589 1.012 
148354 1.012 
*: Predicted energy value in cm"' 
Thus it is quite clear from the above comparison of the ratio of the 
observed to the calculated values of all levels except 5p''5d and 5p 6s, the 
other ratios are very consistent. This is a clear indication that the 
interaction effects on 5p"5d as well as 5p 6s j ^ larger than the higher 
configurations. From above comparison it is quite helpful to predict the 
even higher terms with very good precision. For example, we predict 
5p'12s ^$2 to be very close to the 148288 cm"' Similarly S^ levels of 
higher 5p'ns configurations as well as ^D and "^D of higher 5p^nd 
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configurations can also be predicted with very good accuracy as given 
above. 
3.5 Least Squares Fitted Parametric Calculations: 
When sufficient number of levels are experimentally known, these 
known levels are then fed back to the input of the program RCE ( least 
squares fitting program ) and the parameters are left free to adjust in the 
iteration process according to the experimental levels. These parameters are 
now much closer to the real fitted parameters and hence the remaining 
energy levels are now calculated to be much closer to the actual value. This 
way those levels are located. And when all the levels are known, the final 
fitted parameters are then used to recalculate the transition probabilities and 
final L S percentage composition. We were able to perform the least 
squares fitted calculations for the configurafions 5s5p^ 5s 5p 5d, 5s 5p 6d, 
5s^5p'6s, Ss^ Sp '^Ts and 5s^ 5p^ 8^s configurafions. Almost all the levels of 
these configurations are now very well interpreted. These levels are given 
in Table 3.3 and corresponding fitted energy parameters in Table 3.4 
Since 5p'4f - 5p^5g transition^/ lie in a very high wavelength region 
and is out of our range of present investigation, .could not be verified. 
However we have performed ab initio calculations of 5p ng (n = 5 -12) 
configurations separately to see the authenticity of the terms reported up to 
12g by Martin and Corliss [ 5 ]. All the calculated levels of Sp'' ng 
configurations are given in Table 3.5 and the corresponding energy 
parameters are given in Table 3.6 The reported terms of ng configurations 
appear to be in good agreement with the theoretically predicted values. 
Since in none of the cases sufficient number of levels were known to run 
LSF for 5p'ng configurations for example only one level each of 5p^l0g -
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5p-'l2g CG(,) and only 8 levels [(^S)'G 6.5,4,3,2 and (^ S) ^Gs, 4,3] in all 
5p"'5g -5p'9g. Though each 5p ng configurations has 40 energy levels. 
Therefore, the best possible thing which could be done here is that all the 
calculated levels are presented in a separate table which could be of great 
use for any further study. 
3.6 5p^ np and 5p^nf configurations : 
Now coming back to the even parity configurations eg 5p nf (n > 4) 
and 5p"'np (n > 6), again due to the same reason mentioned-above that our 
region of investigation ( 300 - 2100A ) does not cover very high 
wavelengths; therefore, we could not verify these levels thoroughly by 
observing the transitions. Therefore, we are presenting only a theoretical 
interpretation of these configurations. Martin and Corliss [5] have reported 
the levels for 5p'np configurations up to Sp^Sp and for 5p^nf configurations 
up to 5p'9f Again the high configurations are barely touched for instance 
only 4 levels out of 40 of 5p^9f, 6 levels of 5p^lf and 5p^8f, 7 levels of 
5p'6f and a few more of 5p"5f Similarly a bunch of levels (12) simply 
numbered, were indicated belonging to either 4f, 5f, 7p or Sp.The situation 
of 5p'7p is relatively better while the sufficient number of levels of 5p 6p, 
and 5p''4f have been reported. Consequently, we f^ the LSF calculations 
primarily for these two configurations along with 5p'^ 7p, 8p, 5f and 6f . 
The situations emerging out of LSF shows that the levels of these 
configurations are highly overlapping and in fact several levels have 
changed their designations. Many levels have their leading components less 
than 40% or even in the range of 35 or below. In such cases naming a level 
does not mean very much . However, from LSF its configuration 
assignment become quite clear and at least its percentage composition 
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suggest its nomenclature. Table 3.7 contains the final LS compositions of 
various levels of 5p^np and Sp'^ nf configurations. The corresponding 
energy parameters used in these calculations are also given in Table 3.8 
The energy level structure of 5p"'4f , 5p^5d , 5p^6s and 5p^6p 
configurations are represented in Fig. 3.3 , Fig. 3.4 , Fig. 3.5 and Fig. 3.6 
respectively. One hundred eighty nine lines have been classified in this 
spectrum and are given in Table 3.9. 
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Fig. 3.3 : Level structure ofSp ^ 4f configuration of I II, theoretical estimates of unobserved levels 
are shown by dashed lines. 
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Table 3.1: Least Squares Fitted Levels of the Ground 
Configuration of III 
E ( o b s ) E ( L S F ) d i f f . L S - c o i r p o s i t i o n . 
0 
1 
2 
6 4 4 8 
2 9 5 0 1 
7 0 8 7 
0 
1 3 7 2 7 
0 
0 
0 
0 
0 
6 5 3 6 
2 9 4 8 6 
7 0 5 9 
- 5 0 
1 3 7 3 1 
0 
0 
0 
0 
0 
- 8 8 
15 
28 
50 
- 4 
0 
0 
0 
0 
0 
85% 
85% 
100% 
90% 
90% 
^P + 
's + 
^P 
^P + 
^D + 
15% 
15% 
10% 
10% 
^S 
^P 
^D 
^P 
Table 3.2 : L s^t Squares Fitted Parameter Values in Cm' of 
the Ground Configuration of III 
c o n f i g u r a t i o n p a r a m e t e r 
5s^ 5p^ Eav(5s^ 5p^) 
F ' ( 5 p , 5p) 
a ( 5p) 
C( 5p) 
a -
l,{ohs.value -
n -
LSF 
8374 
36131 
- 1 1 3 
5771 
75 
 cal.value) 
-m 
a c c u r a c y 
35 
266 
( f i x e d ) 
73 
1^  
HF 
8014 
45494 
4916 
LSF/HF 
1.044 
0 . 7 9 4 
1 .174 
Where n= number of the known levels. 
m= number of the free parameters. 
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Table 3.3: Observed and fitted energy levels of 5s5p^ , 5s 5p 5d, 
5s^ 5p 6^s, 5s^ 5p^ 6d,5s^ 5p^ 7s configuration of I II along 
with LS percentage composition 
J E(obs) 
0 85386.1 
90401.7 
99205.3 
105198.9 
111036.5 
120996.9 
125036.6 
-
134229.5 
138365.5 
142672.6 
_ 
" 
152181.8 
-
1 84222.1 
84841.8 
87733.4 
92132.1 
94824.7 
95955.1 
104545.5 
106101.0 
109295.2 
111961.9 
114898.2 
118072.8 
E(LSF) 
85338.0 
90472.0 
98994.0 
105308.0 
111026.0 
121516.0 
124971.0 
133609.0 
134269.0 
138326.0 
142761.0 
147163.0 
149645.0 
152189.0 
157104.0 
163351.0 
84271.0 
84807.0 
87738.0 
92551.0 
94518.0 
95674.0 
104413.0 
106059.0 
108980.0 
111902.0 
114747.0 
118103.0 
diff. 
48.1 
-70.3 
211.3 
-109.1 
10.5 
-519.1 
65.6 
-
-39.5 
39.5 
-88.4 
— 
~ 
-7.0 
-
-48.9 
34.8 
-4.6 
-418.9 
306.7 
281.1 
132.5 
42.0 
315.2 
69.9 
151.2 
-30.2 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
LS-composition. 
86% 5s^ 5p^ 5d 
4% 5s 5p^ 
58% 5s 5p^ 
7% 5s^ 5p^ 5d 
86% 5s^ 5p^ 5d 
90% 5s^ 5p^ 6s 
47% 5s^ 5p^ 5d 
9% 5s^ 5p^ 5d 
89% 5s^ 5p^ 6d 
31% 5s^ 5p^ 5d 
24% 5s 5p^ 
92% 5s^ 5p^ 7d 
66% 5s^ 5p^ 6d 
13% 5s^ 5p^ 6d 
60% 5s^ 5p^ 6d 
4% 5s^ 5p^ 6d 
98% 5s^ 5p^ 7s 
57% 5s^ 5p^ 7d 
13% 5s^ 5p^ 7d 
53% 5s^ 5p^ 7d 
8% 5s^ 5p^ 6d 
65% 5s^ 5p^ 6d 
6% 5s^ 5p^ 7d 
100% 5s^ 5p^ 8s 
80% 5s^ 5p^ 7d 
6% 5s^ 5p^ 7d 
33% 5s^ 5p^ 5d 
18% 5s 5p^ 
62% 5s^ 5p^ 6s 
5% 5s 5p* 
43% 5s^ 5p^ 5d 
15% 5s^ 5p^ 5d 
37% 5s^ 5p^ 5d 
6% 5s^ 5p^ 6s 
44% 5s^ 5p^ 6s 
13% 5s^ 5p^ 5d 
49% 5s^ 5p^ 5d 
7% 5s 5p^ 
63% 5s^ 5p^ 5d 
8% 5s^ 5p^ 5d 
71% 5s^ 5p^ 6s 
47% 5s^ 5p^ 5d 
9% 5s^ 5p^ 5d 
60% 5s^ 5p^ 6s 
9% 5s^ 5p^ 6s 
32% 5s^ 5p^ 5d 
18% 5s^ 5p^ 5d 
52% 5s^ 5p^ 5d 
(*S)^ D + 8% 
^P + 31% 
(^ D)^ S + 7% 
ep) 'p 
(^ P)^ P + 2 9 % 
(^ D)^ S + 8% 
(*S)^ D + 8% 
(^ P)^ P + 31% 
3P + 10% 
(*S)^ D + 5% 
(^ D)^ S + 13% 
(^ P) ^ P + 5% 
(^ D)^ P + 25% 
('P) ^ P 
('P)'P 
(^ D)^ S + 26% 
('P) 'P 
(^ D)^ P + 35% 
('P) 'P 
(^ P)^ P + 1 4 % 
(^ D) ^ P + 6% 
('P>'P 
(^ P)^ P + 10% 
(*S)^ D + 21% 
P^ + 7% 
(^ S)^ S + 18% 
P^ + 4% 
(*S)^ D + 33% 
('D) ^ P 
(*S)^ D + 30% 
('S)^ S + 6% 
(^ D)^ D + 2 9 % 
(^D)'D + 4% 
(^ D)^ P + 16% 
P^ + 6% 
(^ D)^ D + 17% 
('S) ^ D 
(^ P)^ P + 15% 
(^ D)^ S + 27% 
(^ D)^ P + 4% 
(^ P)^ P + 14% 
(^ P)^ P + 8% 
(^ D)^ S + 23% 
(^ P)^ P + 5% 
(^ P)^ D + 20% 
5s^ 
5s^ 
5s^ 
5s^ 
5s^ 
5s^ 
5s^ 
5s^ 
5s^ 
5s^ 
5s== 
5s^ 
5s^ 
5s^ 
5s^ 
5s^ 
5s^ 
5s^ 
5s 
5s^ 
5s' 
5s 
5s^ 
5s^ 
5s^ 
5s^ 
5s 
5s^ 
5s^ 
5s^ 
5s^ 
5s^ 
5s^ 
5s2 
5s^ 
5s^ 
5s^ 
5p^ 5d 
5p^ 5d 
5p^ 5d 
5p^ 5d 
5p^ 6s 
5p^ 6d 
5p^ 5d 
5p' 6d 
5p^ 7d 
5p^ 6d 
5p^ 6d 
5p^ 6d 
5p^ 7d 
5p^ 7d 
5p^ 6d 
5p^ 6d 
5p^ 7d 
5p^ 6s 
^ 5p^ 5d 
5p^ 5d 
5p^ 6s 
5p^ 
5p^ 6s 
5p^ 5d 
5p^ 5d 
5p^ 6s 
5P= 
5p^ 5d 
5p^ 5d 
5p^ 6s 
5p^ 5d 
5p^ 6s 
5p^ 6s 
5p^ 5d 
5p^ 5d 
5p^ 6s 
5p^ 6d 
(^ P) ^ P 
(^ D) ^ P 
(^ P) ^ P 
(^ D) ^ P 
(^ P) ^ P 
(^ P) ^ P 
(^ D) ^ P 
(^ D) ^ P 
(^ P) ^ P 
(^ D) ^ P 
(*S)^ D 
(^ D) ^ S 
(^ D) ^ P 
(^ D) ^ S 
(^ D) ^ P 
(^ D) ^ S 
(^ D) ^ P 
(^ S)^ S 
(^ D) ^ P 
(*S) 'D 
(^ P) ^ P 
P^ 
(^ D) b 
(^ P) ^ D 
('S)^ D 
('S)^ S 
P^ 
('D) 'D 
('p) 'D 
('p) 'p 
(^P) ^p 
(^ P) ^ p 
(^ D) 'D 
(^ D) ^ S 
('D) ^ P 
(^ P) ^ P 
('S)^ D 
59 
119888 
121074 
122242 
125337 
127889 
130614 
132734 
133297 
136187 
136561 
138974 
140123 
143270 
144642 
147216 
148686 
152279 
155326 
81033. 
81908. 
86164. 
90497. 
93690. 
2 
2 
3 
7 
5 
.8 
.7 
.0 
-
-
.5 
.8 
.2 
4 
.8 
.0 
-
.1 
-
.6 
-
" 
8 
5 
-
~ 
-
-
-
0 
0 
6 
7 
8 
119815 
120979 
122076 
125336 
127966 
130791 
132698 
133306 
133624 
134768 
136108 
136629 
138970 
140320 
142948 
144675 
147117 
147255 
147756 
148671 
150337 
150575 
152378 
155137 
157196 
160475 
162407 
163463 
165966. 
81038. 
81907. 
86071. 
90727. 
93719. 
0 
0 
0 
0 
0 
.0 
0 
.0 
0 
.0 
0 
0 
.0 
0 
.0 
.0 
.0 
.0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
73 
95 
166 
1 
-77 
-176 
36 
-9 
79 
-67 
4 
-196 
322 
-33 
-38 
15 
-98 
189 
-5. 
1. 
93. 
-229. 
-28. 
2 
2 
3 
7 
5 
.2 
7 
.0 
-
— 
5 
.2 
.2 
6 
.8 
.0 
-
.9 
-
6 
-
" 
2 
5 
-
— 
-
-
-
0 
0 
6 
3 
2 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
7% 
86% 
40% 
12% 
49% 
11% 
55% 
8% 
18% 
15% 
81% 
5% 
30% 
12% 
86% 
91% 
32% 
13% 
22% 
19% 
30% 
9% 
57% 
6% 
48% 
14% 
69% 
78% 
7% 
61% 
5% 
49% 
14% 
29% 
13% 
42% 
10% 
55% 
10% 
52% 
7% 
50% 
10% 
54% 
9% 
68% 
60% 
12% 
52% 
18% 
59% 
7% 
64% 
6% 
79% 
7% 
52% 
11% 
79% 
40% 
11% 
61% 
5s^ 5p^ 
5s^ 5p^ 
5s^ 5p^ 
5s^ 5p^ 
5s^ 5p^ 
5s^ 5p' 
5s^ 5p^ 
5s^ 5p^ 
5s^ 5p^ 
5s^ 5p^ 
5s* 5p^ 
5s^ 5p^ 
5s^ 5p^ 
5s^ 5p^ 
5s^ 5p^ 
5s^ 5p^ 
5s^ 5p^ 
5s^ 5p^ 
5s^ 5p^ 
5s^ 5p^ 
5s^ 5p^ 
5s^ 5p^ 
5s^ 5p^ 
5s^ 5p^ 
5s^ 5p^ 
5s^ 5p^ 
5s^ 5p^ 
5s^ 5p^ 
5s^ 5p^ 
5s^ 5p^ 
5s^ 5p^ 
5s^ 5p^ 
5s^ 5p^ 
5s^ 5p^ 
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(^ D) ^ G 
(=P) ^ F 
(^ S) ^ D 
(^ D) ^ D 
(^ D) ^ D 
(=D) ^ F 
(^ D) ^ F 
(^ D) ^ F 
(^ D) ^ G 
(^ D) ^ F 
(^ P) ^ F 
'P)b 
(^ D) ^ F 
2p)3j 
^D)^D 
[^ D) ^ D 
'D)1F 
'D)^F 
'P)^D 
'D)^F 
'P)^F 
'D)^F 
^P)^F 
^P)^D 
^P)^D 
'D)^F 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
34% 
11% 
4% 
32% 
7% 
21% 
10% 
4% 
22% 
10% 
7% 
13% 
5% 
24% 
4% 
20% 
6% 
30% 
5% 
19% 
8% 
4% 
16% 
4% 
8% 
5% 
6% 
8% 
18% 
12% 
12% 
6% 
38% 
22% 
4% 
8% 
5% 
8% 
6% 
28% 
9% 
15% 
10% 
21% 
13% 
5% 
29% 
4% 
17% 
9% 
22% 
15% 
6% 
5s^ 
5s^ 
5s^ 
5s^ 
5s^ 
5s^ 
5s^ 
5s^ 
5s^ 
5s^ 
5s^ 
5s^ 
5s^ 
5s^ 
5s= 
5s2 
5s= 
5s^ 
5s^ 
5s^ 
5s^ 
5s^ 
5s^ 
5s^ 
5s2 
5s^ 
5s^ 
5s^ 
5s^ 
5s^ 
5s^ 
5s^ 
5s^ 
5s^ 
5s^ 
5s^ 
5s^ 
5s^ 
5s^ 
5s^ 
5s^ 
5s^ 
5s^ 
5s^ 
5s^ 
5s^ 
5s^ 
5s^ 
5s^ 
5s^ 
5s^ 
5s^ 
5s^ 
5p^ 
5P! 
5p' 
5p^ 
5p^ 
5p' 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p' 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p= 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5P^ 
5p^ 
5p^ 
5p^ 
5p^ 
5P^ 
7d (^ P) ^ D 
8s ( 
8s ( 
7d ( 
7d ( 
7d ( 
7d ( 
5d ( 
5d 
5d 
5d 
5d 
5d 
5d 
5d 
5d 
5d 
5d 
5d 
5d 
6d 
6d 
6d 
6d 
5d 
5d 
6d 
6d 
7d 
6d 
6d 
6d 
6d 
7d 
6d 
6d 
6d 
7d 
6d 
7d 
6d 
7d 
7d ( 
7d 
6d 
6d ( 
6d ( 
6d ( 
6d { 
6d { 
7d ( 
7d ( 
7d ( 
^D)^D 
^S)"S 
^P)^D 
^D)^D 
^P)^D 
^D)^F 
^P)^D 
^D)'D 
^P)^F 
^S)^D 
[=D) ^ F 
=D)^D 
('S)'D 
[=D) ^ G 
(^ P) V 
^D)'G 
("p) 'D 
(^ P) 'F 
(^ P) 'F 
('S)=D 
('s) 'D 
('S)'D 
(^ D) ^ F 
(^ P) ^ D 
(^ P)^ F 
(^ D) ^ F 
(^ D) ^ G 
(^ S)^ D 
(^ D) ^ D 
(=D) ^ F 
(^ S)^ D 
(^ D) ^ F 
(*S) ^ D 
(^ D) ^ F 
(^ D) ^ D 
[^ D) ^ G 
(^ P) ^ F 
P^)¥ 
^D)^F 
=P)^F 
^D)^G 
'D)^ F 
D^)¥ 
P^)¥ 
2p)lF 
'P)^F 
^D)^F 
^P)^F 
^P)^D 
^P)^F 
2p)iF 
'P)^F 
62 
86036 
99378 
101157 
103101 
121826 
134502 
136580 
136733 
» 
-
0 
0 
0 
0 
-
0 
-
0 
0 
0 
-
-
-
-
-
163795.0 
85940.0 
99493.0 
101428.0 
103124.0 
116160.0 
121611.0 
133603.0 
133867.0 
136499.0 
136769.0 
146812.0 
149039.0 
149209.0 
151315.0 
163075.0 
102630.0 
136718.0 
149195.0 
96 
-115 
-271 
-23 
215 
635 
81 
-36 
-
0 
0 
0 
0 
— 
0 
~ 
0 
0 
0 
-
-
-
-
-
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
49% 
12% 
91% 
44% 
15% 
76% 
4% 
72% 
74% 
10% 
89% 
74% 
7% 
36% 
20% 
89% 
60% 
6% 
45% 
13% 
88% 
60% 
75% 
8% 
81% 
7% 
100% 
100% 
100% 
5s^ 
5s^ 
5s^ 
5s= 
5s^ 
5s^ 
5s^ 
5s^ 
5s^ 
5s^ 
5s^ 
5s^ 
5s^ 
5s^ 
5s^ 
5s= 
5s^ 
5s^ 
5s^ 
5s^ 
5s^ 
5s^ 
5s^ 
5s^ 
5s^ 
5s^ 
5s^ 
5s= 
5s^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5P^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5P^ 
5p^ 
5p^ 
5P^ 
5p^ 
5p^ 
5p^ 
5p^ 
5P^ 
7d ( 
7d 
5d 
5d 
5d 
5d 
5d 
5d 
5d 
5d 
6d 
7d 
6d 
6d 
7d 
6d 
6d 
6d 
7d 
7d 
7d 
7d 
6d 
6d 
7d 
7d 
5d 
6d 
7d 
*S)^D 
^D)^G 
^P)^F 
^D)^G 
^P)^F 
='D)^G 
^S)^D 
[*S) ^ D 
(^D)^G 
(^ D) ^ G 
[*S)^ D 
(^ D) ^ F 
(^ D) ^ G 
(^ D) ^ F 
(^ D) ^ G 
(^ P) ^ F 
(^ D) V 
(^ D) ^ G 
t'p) 'F 
(^ D) ^ G 
(^ D)^ G 
(^ D) ^ G 
(^ D) ^ G 
(^ D) ^ G 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
28% 
7% 
22% 
13% 
18% 
26% 
10% 
8% 
9% 
24% 
11% 
10% 
34% 
33% 
6% 
9% 
38% 
9% 
4% 
8% 
5s^ 
5s^ 
5s^ 
5s^ 
5s^ 
5s= 
5s^ 
5s^ 
5s^ 
5s' 
5s^ 
5s^ 
5s^ 
5s^ 
5s^ 
5s^ 
5s^ 
5s^ 
5s^ 
5s^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p' 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
SP! 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
7d 
5d 
5d 
5d 
5d 
5d 
5d 
6d 
6d 
6d 
6d 
6d 
6d 
7d 
7d 
7d 
7d 
6d 
6d 
7d 
(^ P) ^ F 
(^ P) ^ F 
(^ D) ^ F 
(^ D) ^ G 
(^ D) ^ G 
(^ D) ^ G 
(^ D) ^ G 
(^ P)^ F 
(^ D) ^ G 
(^ D)^ G 
(^ P) ^ F 
(^ D) ^ G 
(^ D) ^ G 
(^ D) ^ G 
(^ D) ^ F 
(^ D) ^ G 
(^ D) ^ G 
(^ D) ^ G 
(''S)^ D 
('D) "G 
Table 3.4 : Energy parameter values in Cm'^ of 5s5p^ 5p^6s, 
5p^7s, 5p 8s, 5p^5d, 5p^6d, 5p^ 7d configuration of 
singly ionized iodine (I II) 
conflgu ration 
5s 5p= 
5s^  5p^ 6s 
5s^  5p^ 7s 
5s^  5p^ 8s 
5s^  5p^ 5d 
5s^  5p^ 6d 
parameter 
Eav (5S 5p^) 
SSn 
G\ 5S, 5p) 
Eav (5s^  5p^ 6s) 
F'( 5p, 5p) 
asp 
5^p 
G^( 5p, 6s) 
Eav (5S^  5p^ 
A 5p, 5p) 
asp 
S^p 
G\ 5p, 7s) 
Eav (5S^  5p^ 
F'( 5p, 5p) 
asp 
5^„ 
G\ 5p, 8s) 
Eav (5S^  5p^ 
F'( 5p, 5p) 
asp 
S5p 
5^d 
F'( 5p, 5d) 
F'(5p,5d) 
G\ 5p, 5d) 
G\ 5p, 5d) 
G^( 5p, 5d) 
Eav (5S^  5p^ 
F'(5p,5p) 
asp 
?5p 
Cfxi 
7s) 
8s) 
5d) 
6d) 
LSF 
104877 
5678 
39716 
97342 
36325 
-89 
6346 
3075 
133725 
37328 
-87 
5713 
829 
148050 
37175 
-100 
6478 
363 
105727 
36770 
-76 
6327 
180 
0 
20524 
18130 
0 
10846 
137533 
37844 
-141 
6518 
49 
accuracy 
386 
373 
1245 
88 
637 
-43 
170 
274 
81 
527 
-39 
159 
(fixed) 
117 
659 
(fixed) 
(fixed) 
(fixed) 
59 
489 
-33 
130 
(fixed) 
(fixed) 
441 
248 
(fixed) 
516 
58 
496 
-27 
112 
(fixed) 
HF 
109269 
4912 
60971 
97033 
47463 
5415 
3722 
133136 
47936 
5495 
1006 
146974 
48030 
5513 
441 
105055 
46860 
5267 
180 
0 
26907 
28631 
0 
17597 
136725 
47902 
5478 
49 
LSF/HF 
0.957 
1.156 
0.651 
1.003 
0.765 
1.172 
0.826 
1.005 
0.779 
1.040 
0.824 
1.008 
0.774 
1.175 
0.824 
1.007 
0.785 
1.201 
0.999 
0.763 
0.633 
0.616 
1.006 
0.790 
1.190 
1.000 
64 
5s^  5p^ 7d 
5s 5p* -5s^  5p^ 6s 
5s 5p^ -5s^ 5p^ 7s 
5s 5p' -5s^  5p^ 8s 
5s 5p'^  -5s^  5p^ 5d 
5s 5p^ -5s^  5p^ 6d 
5s 5p-' -5s^  5p^ 7d 
R'( 5p, 5p; 5s, 7d) 
5s^  5p^ 6s -5s^  5p^ 8s 
5s^5p^6s-5s^5p^5d 
5s^  5p^ 6s -5s^  5p^ 6d 
5s^5p^6s-5s^5p^7d 
5s^  5p^ 7s -5s^  5p^ 8s 
5s^  5p^ 7s -5s^  5p^ 5d 
5s^  5p^ 7s -5s^  5p^ 6d 
5s^  5p^ 7s -5s^  5p^ 7d 
5s^5p^8s-5s^5p^5d 
5s^  5p^ 8s -5s^  5p^ 6d 
5s^  5p^ 8s -5s^  5p^ 7d 
F'( 5p, 6d) 
F'(5p,6d) 
G\ 5p, 6d) 
G^ ( 5p, 6d) 
G^ ( 5p, 6d) 
Eav (5s^  5p^ 7d) 
F'( 5p, 5p) 
asp 
Csp 
^5n 
F^ ( 5p, 7d) 
F'( 5p, 7d) 
G'( 5p, 7d) 
G'( 5p, 7d) 
G'( 5p, 7d) 
R^( 5p, 5p; 5s, 6s) 
R^( 5p, 5p; 5s, 7s) 
R^( 5p, 5p; 5s, 8s) 
R \ 5p, 5p; 5s, 5d) 
R \ 5p, 5p; 5s, 6d) 
R^ ( 5p, 5p; 5s, 7d) 
R"( 5p, 6s; 5p, 7s) 
R*^  5p, 6s; 7s, 5p) 
R°( 5p, 6s; 5p, 8s) 
R{ 5p, 6s; 8s, 5p) 
R^ ( 5p, 6s; 5p, 5d) 
R \ 5p, 6s; 5d, 5p) 
R^( 5p, 6s; 5p, 6d) 
R*( 5p, 6s; 6d, 5p) 
R^ ( 5p, 6s; 5p, 7d) 
R*( 5p, 6s; 7d, 5p) 
R \ 5p, 7s; 5p, 8s) 
R*( 5p, 7s; 8s, 5p) 
R^( 5p, 7s; 5p, 5d) 
R'( 5p, 7s; 5d, 5p) 
R^( 5p, 7s; 5p, 6d) 
R*( 5p, 7s; 6d, 5p) 
R^( 5p, 7s; 5p, 7d) 
R \ 5p, 7s; 7d, 5p) 
R \ 5p, 8s; 5p, 5d) 
R^( 5p, 8s; 5d, 5p) 
R^( 5p, 8s; 5p, 6d) 
R \ 5p, 8s; 6d, 5p) 
R^ ( 5p, 8s; 5p, 7d) 
0 
4729 
3413 
0 
2219 
149645 
40816 
-100 
5506 
22 
0 
2238 
1610 
0 
1066 
-297 
-275 
-253 
25312 
11014 
8259 
0 
1205 
0 
923 
-6238 
-2032 
32 
-330 
492 
-131 
0 
498 
-2713 
-1135 
-1445 
-259 
-502 
-139 
-2028 
-907 
-987 
-225 
-676 
(fixed) 
(fixed) 
(fixed) 
(fixed) 
(fixed) 
(fixed) 
(fixed) 
(fixed) 
(fixed) 
(fixed) 
(fixed) 
(fixed) 
(fixed) 
(fixed) 
(fixed) 
-3 
-3 
(fixed) 
269 
117 
(fixed) 
0 
13 
(fixed) 
(fixed) 
-66 
-22 
0 
-4 
(fixed) 
(fixed) 
(fixed) 
(fixed) 
-HI 
-47 
-59 
-11 
(fixed) 
(fixed) 
(fixed) 
(fixed) 
(fixed) 
(fixed) 
(fixed) 
0 
6222 
5251 
0 
3414 
148752 
48019 
5507 
23 
0 
2633 
2147 
0 
1422 
-464 
-430 
-337 
39624 
17242 
11012 
0 
1887 
0 
1230 
-9765 
-3181 
50 
-516 
656 
-174 
0 
664 
-4260 
-1782 
-2270 
-407 
-669 
-186 
-2704 
-1210 
-1316 
-300 
-901 
0.760 
0.650 
0.650 
1.006 
0.850 
1.000 
0.996 
0.850 
0.750 
0.750 
0.639 
0.639 
0.750 
0.639 
0.639 
0.750 
0.639 
0.750 
0.639 
0.639 
0.639 
0.639 
0.750 
0.750 
0.750 
0.637 
0.637 
0.637 
0.637 
0.750 
0.750 
0.750 
0.750 
0.750 
0.750 
0.750 
65 
R\ 5p, 8s; 7d, 5p) 
5s^  5p^ 5d -5s^ 5p^ 6d R\ 5p, 5d; 5p, 6d) 
R (^ 5p, 5d; 5p, 6d) 
R (^ 5p, 5d; 6d, 5p) 
R\ 5p, 5d; 6d, 5p) 
5s^  5p^ 5d -5s^ 5p^ 7d R"( 5p, 5d; 5p, 7d) 
R (^ 5p, 5d; 5p, 7d) 
R*( 5p, 5d; 7d, 5p) 
R (^ 5p, 5d; 7d, 5p) 
5s^  5p^ 6d -5s^ 5p^ 7d R"( 5p, 6d; 5p, 7d) 
R (^ 5p, 6d; 5p, 7d) 
R'( 5p, 6d; 7d, 5p) 
R (^ 5p, 6d; 7d, 5p) 
-108 
0 
5906 
7596 
4801 
0 
4161 
5636 
3584 
0 
2669 
2514 
1649 
(fixed) 
0 
243 
312 
197 
(fixed) 
(fixed) 
(fixed) 
(fixed) 
(fixed) 
(fixed) 
(fixed) 
(fixed) 
-144 
0 
9275 
11930 
7540 
0 
5547 
7515 
4779 
0 
3558 
3352 
3352 
0.751 
0.637 
0.637 
0.637 
0.750 
0.750 
0.750 
0.750 
0.750 
0.750 
66 
Table 3.5 : Calculated energy level values in cm'^  for ng (n=5-12) 
configurations of singly ionized iodine (I II) 
J 
1 
E(obs) E(Cal) LS-co irpos i t ion . 
150133.0 
155526.0 
158791.0 
160910.0 
162364.0 
163403.0 
164170.0 
164753.0 
134700.0 
140091.0 
143354.0 
145473.0 
146926.0 
147740.0 
147966. 
148732. 
149315, 
150130. 
- 150133.0 
- 153093.0 
- 155522.0 
- 155526.0 
- 156337.0 
- 158443.0 
- 158789.0 
- 158790.0 
- 159890.0 
- 160902.0 
- 160910.0 
- 160930.0 
- 161688.0 
- 162268.0 
- 162362.0 
100% 5p^ 5g (^ D)^ D 
100% 
100% 
100% 
100% 
100% 
100% 
100% 
94% 
94% 
94% 
94% 
94% 
35% 
23% 
94% 
94% 
94% 
69% 
+ 6% 
66% 
+ 1% 
34% 
+23% 
67% 
+ 6% 
67% 
+ 1% 
34% 
+23% 
34% 
+22% 
64% 
+ 2% 
70% 
+ 4% 
34% 
+22% 
53% 
+ 8% 
63% 
27% 
+18% 
34% 
+22% 
33% 
+22% 
65% 
+ 5% 
5p^ 
5p^ 
5p^ 
5p^ 
5P^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5P^ 
5P^ 
5p^ 
5p^ 
5P^ 
5P^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5P^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5P^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
6g ( 
7g ( 
8g ( 
9g ( 
lOg ( 
llg ( 
12g < 
5g ( 
6g ( 
7g ( 
8g ( 
9g < 
5g { 
5g 
lOg 
llg 
12g ( 
5g 
5g 
5g 
5g 
6g 
6g 
6g 
6g 
6g 
6g 
7g 
7g 
8g 
8g 
7g 
7g 
7g 
7g 
9g 
9g 
8g 
8g 
8g 
lOg 
lOg 
llg 
llg 
12g 
12g 
9g 
9g 
=^ D) 
'D) 
'D) 
'D) 
'D) 
'D) 
'D) 
*s 
's: 
*S) 
's] 
'si 
D^ 
D^ 
*S 
['s 
'S) 
('D 
('D 
['D 
D^ 
D^ 
D^ 
('D 
D^ 
('D 
['D 
['D 
('D 
('D 
('D 
('D 
('D 
('D 
('D 
('D 
('D 
('D 
('D 
('D 
('D 
('D 
('D 
('D 
('D 
['D 
('D 
['D 
D^ 
D^ 
D^ 
D^ 
D^ 
D^ 
D^ 
G^ 
=G 
G^ 
G^ 
G^ 
D^ 
)'v 
I'G 
I'G 
G^ 
I'F 
>'D 
I'D 
)'F 
I'D 
I'D 
I'F 
I'D 
I'D 
I'F 
I'D 
I'D 
I'D 
I'D 
I'F 
I'D 
I'D 
)'F 
I'D 
I'D 
I'F 
I'D 
I'D 
I'D 
I'D 
I'D 
I'D 
I'D 
I'D 
)3p 
D^ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
5% 
5% 
5% 
5% 
5% 
25% 
13% 
5% 
5% 
5% 
25% 
33% 
26% 
13% 
27% 
32% 
27% 
13% 
27% 
13% 
34% 
26% 
27% 
13% 
18% 
7% 
37% 
22% 
14% 
28% 
13% 
27% 
13% 
29% 
5p' 
5p' 
5p' 
5p' 
5p' 
5p' 
5p' 
5p' 
5p' 
5p' 
5p' 
5p' 
5p' 
5p' 
5p' 
5p' 
5p' 
5p' 
5p' 
5p' 
5p' 
5p' 
5p' 
5p' 
5p' 
5p' 
5p' 
5p' 
5p' 
5p' 
5p' 
5p' 
5p' 
5p' 
5g 
6g 
7g 
8g 
9g 
5g 
5g 
lOg 
llg 
12g 
5g 
5g 
6g 
6g 
6g 
6g 
7g 
7g 
8g 
8g 
7g 
7g 
9g 
9g 
8g 
lOg 
8g 
lOg 
8g 
llg 
llg 
12g 
12g 
9g 
(^ P)^ F 
(^ P)^ F 
(^P)'F 
(^ P)^ F 
(^P)'F 
(^D)'F 
(^P)'F 
(^ P)^ F 
(^ P)^ F 
(^ P)^ F 
(^ D)'^ D 
(^ D) ^ D 
(^ D)^ F 
(^P)'F 
(^ D)^ D 
(^ D)^ D 
(^D)'F 
(2p)3p 
(^D)'F 
(^P)'F 
(^D)'D 
(^ D)^ D 
(^ D)^ F 
(^ P)^ F 
(^ D)^ D 
(^ D)^ D 
(^ D) ^ D 
(^ D)^ F 
(^ D)^ F 
(^ D)^ F 
(^ P)^ F 
(^ D)^ F 
(^ P)^ F 
(^ D)^ D 
67 
162364.0 
163400.0 
163403.0 
164043.0 
164170.0 
164177.0 
164752.0 
164753.0 
169485.0 
172772.0 
174905.0 
176367.0 
177411.0 
178182.0 
178767.0 
134692.0 
134705.0 
140086.0 
140095.0 
143351.0 
143357.0 
145471.0 
145476.0 
146925.0 
146929.0 
147594.0 
147742.0 
147965.0 
147968.0 
148732.0 
68% 
+ 2% 
67% 
+10% 
63% 
76% 
+ 4% 
59% 
63% 
+ 14% 
51% 
+ 2% 
65% 
+12% 
81% 
+ 5% 
81% 
+ 5% 
81% 
+ 5% 
81% 
+ 5% 
81% 
+ 5% 
81% 
+ 5% 
81% 
+ 5% 
78% 
+ 3% 
78% 
+ 3% 
84% 
+ 3% 
84% 
+ 3% 
87% 
+ 3% 
87% 
+ 3% 
88% 
+ 3% 
88% 
+ 3% 
89% 
+ 3% 
89% 
+ 3% 
43% 
+ 17% 
59% 
+ 11% 
88% 
+ 3% 
88% 
+ 3% 
89% 
5p' 9g 
5p' 9g 
5p^ lOg 
5p^ lOg 
5p^ lOg 
5p^ 5g 
5p^ 5g 
5p' llg 
5p^ llg 
5p' llg 
5p^ 12g 
5p^ 12g 
5p^ 12g 
5p^ 12g 
5p^ 6g 
5p^ 6g 
5p' 7g 
5p' 7g 
5p' 8g 
5p^ 8g 
5p' 9g 
5p' 9g 
5p^ lOg 
5p^ lOg 
5p^ llg 
5p^ llg 
5p^ 12g 
5p^ 12g 
5p^ 5g 
5p^ 5g 
5p^ 5g 
5p^ 5g 
5p^ 6g 
5p^ 6g 
5p^ 6g 
5p' 6g 
5p' 7g 
5p' 7g 
5p' 7g 
5p' 7g 
5p^ 8g 
5p^ 8g 
5p^ 8g 
5p^ 8g 
5p^ 9g 
5p' 9g 
5p' 9g 
5p' 9g 
5p^ 5g 
5p^ 5g 
5p^ 5g 
5p^ 5g 
5p^ lOg 
5p^ lOg 
5p^ lOg 
5p^ lOg 
5p' llg 
D^ 
-P) 
'D + 31% 5p^ 9g 
'F + 23% 5p^ lOg 
D^ 
F^ 
F^ 
D^ 
F^ 
D^ 
F^ 
F^ 
F^ 
F^ 
F^ 
F^ 
F^ 
F^ 
F^ 
F^ 
F^ 
F^ 
F^ 
3F 
F^ 
F^ 
'G 
'G 
'G 
F^ 
=G 
G^ 
G^ 
F^ 
G^ 
G^ 
G^ 
F^ 
=G 
G^ 
G^ 
F^ 
G^ 
G^ 
G^ 
F^ 
G^ 
F^ 
D^ 
F^ 
=G 
G^ 
G^ 
F^ 
G^ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
37% 
6% 
4% 
41% 
17% 
5% 
48% 
23% 
6% 
4% 
6% 
4% 
6% 
4% 
6% 
4% 
6% 
4% 
6% 
4% 
6% 
4% 
16% 
2% 
16% 
2% 
10% 
2% 
10% 
2% 
7% 
2% 
7% 
2% 
6% 
2% 
6% 
2% 
5% 
3% 
5% 
1% 
23% 
8% 
14% 
8% 
6% 
2% 
6% 
2% 
5% 
5p^ 
5p^ 
5p^ 
5P^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5P^ 
5P^ 
5p^ 
5p^ 
5P^ 
5p^ 
5p^ 
5P^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
lOg 
5g 
5g 
llg 
llg 
5g 
12g 
12g 
6g 
6g 
7g 
7g 
8g 
8g 
9g 
9g 
lOg 
lOg 
llg 
llg 
12g 
12g 
5g 
5g 
5g 
5g 
6g 
6g 
6g 
6g 
7g 
7g 
7g 
7g 
8g 
8g 
8g 
8g 
9g 
9g 
9g 
9g 
5g 
5g 
5g 
5g 
lOg 
lOg 
lOg 
lOg 
llg 
(^ D) "^D 
(^ D)^ D 
(^ D)^ D 
(^ D)^ D 
(^ D) ^D 
(^ P)^ F 
(^ D)^ D 
(^ D)^ D 
{^ D)^ D 
(^ D)^ D 
(^ D)^ D 
(^ D)^ D 
(^ D)^ D 
(^ D) ^D 
(^ D)^ D 
(^ D)^ D 
(^ D)^ D 
(^ D)^ D 
(^ D)^ D 
(^ D)^ D 
(^ D) ^D 
(^ D)^ D 
('S)^ G 
(^ P)^ F 
(*S)^ G 
(^ P)^ F 
(^ S)^ G 
(^ P)^ F 
(*S)^ G 
(^ P)^ F 
(*S)^ G 
(^ P)^ F 
(^ S)^ G 
(^ P)^ F 
(*S)^ G 
(^ P)^ F 
('S)^ G 
(^ P)^ F 
(*S)^ G 
(^ P)^ F 
(*S)=G 
(^ P)^ F 
(^ D)^ F 
(^ P)^ G 
(^ D)^ F 
(^ P)^ F 
<^S)^G 
(^ P)^ F 
(*S)^ G 
(^ P)^ F 
(*S)^ G 
•D)^D 
68 
148734.0 
149314.0 
149316.0 
150129.0 
150132.0 
153007.0 
153095.0 
155522.0 
155524.0 
156282.0 
156338.0 
158405.0 
158443.0 
158788.0 
158790.0 
159862.0 
159891.0 
160349.0 
160901.0 
160903.0 
160916.0 
160931.0 
161675.0 
161689.0 
162258.0 
162268.0 
162363.0 
162363.0 
+ 3% 
89% 
+ 3% 
89% 
+ 3% 
89% 
+ 3% 
43% 
+ 11% 
49% 
+19% 
44% 
+17% 
57% 
+11% 
48% 
+ 7% 
52% 
+13% 
45% 
+ 17% 
57% 
+12% 
45% 
+16% 
56% 
+12% 
42% 
+15% 
45% 
+22% 
45% 
+16% 
56% 
+12% 
43% 
+24% 
26% 
+15% 
27% 
+26% 
26% 
+18% 
44% 
+ 9% 
46% 
+16% 
56% 
+12% 
46% 
+16% 
56% 
+ 12% 
59% 
+14% 
59% 
+18% 
5p^ llg 
5p^ llg 
5p^ llg 
5p^ 12g 
5p^ 12g 
5p^ 12g 
5p^ 12g 
5p' 5g 
5p' 5g 
5p' 5g 
5p^ 5g 
5p' 6g 
5p' 6g 
5p' 6g 
5p' 6g 
5p^ 6g 
5p^ 6g 
5p^ 6g 
5p' 6g 
5p' 7g 
5p' 7g 
5p' 7g 
5p' 7g 
5p' 8g 
5p' 8g 
5p' 8g 
5p' 8g 
5p' 7g 
5p' 7g 
5p' 7g 
5p' 7g 
5p' 9g 
5p' 9g 
5p' 9g 
5p' 9g 
5p' 5g 
5p^ 5g 
5p^ lOg 
5p' 8g 
5p' 8g 
5p3 8g 
5p' 8g 
5p' 8g 
5p^ lOg 
5p^ lOg 
5p^ llg 
5p^ llg 
5p^ llg 
5p^ llg 
5p^ 12g 
5p' 12g 
5p^ 12g 
5p^ 12g 
5p' 9g 
5p' 9g 
5p' 9g 
5p' 9g 
^P)^G 
*S)^G 
2 p ) l F 
^D)^F 
^D)^G 
^D)^F 
D)^D 
D)^F 
D)^F 
D)^F 
D)^F 
D)^G 
D)^F 
D)^D 
D)^F 
D)^G 
D)^F 
^D)^F 
^D)^G 
2 
2 
D)^F 
D)^F 
^D)^F 
^D)^G 
^D)^F 
^P)^G 
2 p ) 3 F 
^D)^G 
^D)^F 
2 
2 
2 
2 
D)^F 
D)^D 
D)^G 
D)^F 
^D)^F 
^D)^G 
^D)^F 
^D)^F 
^D)^G 
^D)^F 
+ 3% 5p^ l l g 
+ 5% 5p^ l l g 
+ 1% 5p^ l l g 
+ 4% 5p^ 1 2 g 
+ 3% 5p^ 1 2 g 
+ 4% 5p^ 1 2 g 
+ 1% 5p^ 1 2 g 
5p^ 5g 
5p^ 5g 
5p^ 5g 
5p^ 5g 
5p^ 6g 
5p^ 6g 
5p^ 6g 
5 p ' 6g 
5 p ' 6g 
5p^ 6g 
5p^ 6g 
5p^ 6g 
5 p ' 7g 
5 p ' 7g 
5 p ' 7g 
5 p ' 7 g 
5 p ' 8g 
5 p ' 8g 
5 p ' 8g 
5 p ' 8g 
5 p ' 7g 
5 p ' 7g 
5 p ' 7g 
+ 4% 5p^ 7g 
+ 21% 5p^ 9g 
+ 8% 5p^ 9g 
+ 16% 5p^ 9g 
D)^F + 8% 5p^ 9g 
+ 3 2 % 5p^ 5g 
+ 42% 
+ 3% 
+ 27% 
+ 5% 
+ 22% 
+ 8% 
+ 15% 
+ 8% 
+ 38% 
+ 6% 
D)^F + 26% 
+ 8% 
+ 22% 
+ 8% 
+ 15% 
+ 8% 
+ 22% 
8% 
15% 
8% 
+ 40% 
+ 2% 
+ 29% 
+ 19% 5p^ 8 g 
+ 13% 5p^ l O g 
+ 26% 5p^ 8 g 
+ 11% 5p^ l O g 
+ 19% 5p^ l O g 
+ 13% 5p^ 8 g 
+ 12% 5 p ' l O g 
+ 8% 5p^ 8 g 
+ 21% 5p^ l l g 
+ 8% 5p^ l l g 
+ 16% 5p^ l l g 
+ 8% 5p^ l l g 
+ 21% 5p^ 1 2 g 
+ 8% 5p^ 1 2 g 
+ 16% 5p^ 1 2 g 
-D)^F + 8% 5p^ 1 2 g 
+ 2 6% 5p^ 9g ^D)^F 
2 
2 
D)^F + 20% 5p^ 9g 
D)^D + 2% 5p^ 9g 
-^p)^F 
^S)^G 
2 p ) 3 F 
*S)^G 
2 p ) 3 F 
'S )^G 
^P)^F 
^D)^G 
^D)^G 
^D)^F 
2 p ) 3 G 
^D)^F 
2 p ) 3 F 
^D)^G 
"D)^D 
D)^D 
D)^G 
D)^F 
P)^G 
D)^F 
P)^F 
-D)^F 
P)^G 
^D)^F 
2 p ) 3 F 
^D)^F 
D)^D 
D)^G 
D)^F 
P)^G 
D)^F 
2 p ) 3 p 
2 p ) i F 
^D)^G 
^D)^F 
^D)^F 
^D)^G 
^D)^F 
^D)^F 
^D)^F 
^D)^F 
2 p ) 3 ( 3 
^D)^F 
2 p ) 3 F 
^D)^F 
^P)^G 
^D)^F 
2 p ) 3 F 
^D)^G 
^D)^G 
^D)^F 
69 
163401.0 
163401.0 
164045.0 
164156.0 
164178.0 
164216.0 
164753.0 
164753.0 
165743.0 
169003.0 
169487.0 
169577.0 
171123.0 
172576.0 
172773.0 
172831.0 
173616.0 
174383.0 
174906.0 
174941.0 
174968.0 
176368.0 
176394.0 
177412.0 
177431.0 
178182.0 
178197.0 
178767.0 
178778.0 
53% 
+13% 
47% 
+ 8% 
44% 
+ 10% 
36% 
+ 18% 
37% 
+26% 
35% 
+ 11% 
43% 
+18% 
42% 
+24% 
43% 
+24% 
42% 
+25% 
47% 
+11% 
46% 
+14% 
42% 
+25% 
42% 
+25% 
48% 
+ 11% 
46% 
+13% 
42% 
+25% 
42% 
+25% 
48% 
+11% 
42% 
+12% 
37% 
+22% 
48% 
+ 10% 
47% 
+13% 
48% 
+ 10% 
47% 
+13% 
48% 
+ 10% 
47% 
+ 13% 
48% 
+ 10% 
47% 
5p^ lOg 
5p^ lOg 
5p^ lOg 
5p^ lOg 
5p^ 5g 
5p^ 5g 
5p^ llg 
5p^ llg 
5p^ llg 
5p^ llg 
5p' 5g 
5p^ 5g 
5p' 12g 
5p^ 12g 
5p^ 12g 
5p^ 12g 
5p' 6g 
5p' 6g 
5p' 7g 
5p' 7g 
5p^ 6g 
5p' 6g 
5p^ 6g 
5p^ 6g 
5p' 8g 
5p' 8g 
5p' 9g 
5p' 9g 
5p' 7g 
5p' 7g 
5p' 7g 
5p' 7g 
5p^ lOg 
5p^ lOg 
5p^ llg 
5p' llg 
5p' 8g 
5p^ 8g 
5p' 8g 
5p^ 8g 
5p^ 12g 
5p^ 12g 
5p' 9g 
5p' 9g 
5p' 9g 
5p' 9g 
5p^ lOg 
5p^ lOg 
5p^ lOg 
5p^ lOg 
5p^ llg 
5p^ llg 
5p^ llg 
5p^ llg 
5p^ 12g 
5p^ 12g 
5p^ 12g 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
30% 
4% 
42% 
3% 
32% 
2% 
25% 
10% 
31% 
3% 
17% 
10% 
38% 
2% 
31% 
2% 
32% 
33% 
34% 
3% 
21% 
8% 
33% 
33% 
34% 
3% 
21% 
8% 
33% 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
lOg 
lOg 
lOg 
lOg 
5g 
llg 
llg 
5g 
llg 
5g 
5g 
llg 
12g 
12g 
12g 
12g 
6g 
7g 
6g 
6g 
6g 
6g 
8g 
9g 
7g 
7g 
7g 
7g 
lOg 
(^ D)^ D 
(^ D)^ G 
(^ D)^ G 
(^ D)^ D 
(^ P)^ F 
(^ D)^ F 
(^ D)^ F 
(^ P)^ G 
(^ D)^ D 
(^ P)^ F 
(^ P)'-F 
(^ D)^ G 
(^ D)^ F 
(^ D)^ D 
(^ D)^ D 
(^ D)^ G 
(^ P)^ F 
(^ P)^ F 
(^ P)^ F 
(^ D)^ F 
(^ P)^ F 
(^D)'G 
(^ P)^ F 
(^ P)^ F 
(^ P)^ F 
(^ D)^ F 
(^ P)^ F 
(^ D)^ G 
(^ P)^ F 
+ 33% 5p^ llg 
F^ + 33% 
'D + 3% 
'G + 19% 
'F + 8% 
'G + 30% 
'F + 5% 
'F + 33% 
'D + 3% 
'G + 21% 
'F + 9% 
5p^ 8g 
5p^ 8g 
5p^ 8g 
5p^ 8g 
5p^ 12g 
5p^ 8g 
5p' 9g 
5p' 9g 
5p' 9g 
5p' 9g 
'F + 33% 5p^ lOg 
D^ + 3% 5p^ lOg 
'G + 21% 5p^ lOg 
'F + 9% 5p^ lOg 
'F + 33% 5p^ llg 
'D + 3% 5p^ llg 
'G + 21% 5p^ llg 
'F + 9% 5p^ llg 
'F + 33% 5p^ 12g 
'D + 3% 5p^ 12g 
'G + 2 1 % 5p^ 12g 
-P)^ F 
^D)^F 
2p)iF 
^D)^G 
2 
2 
2 
P)^F 
P)^G 
P)^F 
^D)^F 
2 
2 
2 
2 
2 
P)^F 
D)^G 
P)^F 
D)^F 
P)^F 
D)^G 
P)^F 
D)^F 
P)^F 
D)^G 
P)^F 
D)^F 
P)^F 
70 
+ 13% 5p^ 12g (^ P)^ F + 9% 5p^ 12g (^ D)^ G 
134689.0 
134695.0 
140084.0 
140089.0 
143350.0 
143354.0 
145471.0 
145474.0 
146925.0 
146927.0 
147545.0 
147595.0 
147964.0 
147966.0 
148731.0 
148733.0 
149314.0 
149315.0 
150129.0 
150132.0 
152978.0 
153008.0 
155521.0 
155525.0 
156263.0 
156283.0 
158394.0 
158406.0 
81% 
+ 3% 
81% 
+ 3% 
89% 
+ 3% 
89% 
+ 3% 
90% 
90% 
+ 3% 
91% 
+ 3% 
91% 
+ 3% 
91% 
+ 3% 
91% 
+ 3% 
60% 
+11% 
40% 
+ 19% 
92% 
+ 1% 
92% 
+ 1 
92% 
+ 2% 
92% 
+ 2% 
92% 
+ 2% 
92% 
+ 2% 
59% 
+14% 
60% 
+14% 
60% 
+11% 
39% 
+20% 
54% 
+ 8% 
61% 
+15% 
60% 
+ 11% 
38% 
+21% 
60% 
+11% 
38% 
+21% 
5p' 5g 
5p' 5g 
5p' 5g 
5p' 5g 
5p' 6g 
5p' 6g 
5p' 6g 
5p' 6g 
5p' 7g 
5p' 7g 
5p' 7g 
5p^ 8g 
5p^ 8g 
5p^ 8g 
5p' 8g 
5p' 9g 
5p' 9g 
5p' 9g 
5p' 9g 
5p' 5g 
5p^ 5g 
5p^ 5g 
5p^ 5g 
5p^ lOg 
5p^ lOg 
5p^ lOg 
% 5p^ lOg 
5p' llg 
5p^ llg 
5p^ llg 
5p^ llg 
5p^ 12g 
5p^ 12g 
5p^ 12g 
5p^ 12g 
5p^ 5g 
5p' 5g 
5p^ 5g 
5p' 5g 
5p^ 6g 
5p^ 6g 
5p^ 6g 
5p' 6g 
5p^ 6g 
5p^ 6g 
5p^ 6g 
5p^ 6g 
5p' 7g 
5p' 7g 
5p' 7g 
5p' 7g 
5p' 8g 
5p^ 8g 
5p^ 8g 
5p^ 8g 
'D 
G^ 
G^ 
H^ 
G^ 
G^ 
H^ 
G^ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
13% 
1% 
13% 
2% 
5% 
5% 
1% 
3% 
3% 
1% 
3% 
3% 
1% 
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2p)3j. 
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2p)iG 
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(^ D)¥ 
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164215.0 
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165740.0 
165741.0 
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169575.0 
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+17% 
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+ 11% 
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+11% 
38% 
+21% 
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55% 
+ 18% 
23% 
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+21% 
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41% 
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^D)^G 
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(^ D)^ H 
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4% 
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6% 
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7% 
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1% 
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12% 
6% 
25% 
6% 
12% 
6% 
24% 
6% 
36% 
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3% 
46% 
3% 
24% 
8% 
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8% 
30% 
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7% 
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4% 
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6g 
6g 
7g 
7g 
7g 
7g 
6g 
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^P)^G 
^D)^F 
^D)^G 
^D)^G 
^P)^G 
^D)^G 
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(^ D)^ G 
(^ D)^ G 
(^ P)^ G 
(^ D)^ G 
(^ P)^ F 
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(^ P)^ F 
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(^ P)^ G 
(^ D)^ H 
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169605.0 
171122.0 
171122.0 
172575.0 
172575.0 
172829.0 
172848.0 
173615.0 
173615.0 
174382.0 
174382.0 
174940.0 
174953.0 
174967.0 
174967.0 
176393.0 
176402.0 
177430.0 
177437.0 
178196.0 
178201.0 
178778.0 
178782.0 
134689.0 
134702.0 
140084.0 
140094.0 
143350.0 
+21% 
32% 
+22% 
72% 
+ 9% 
57% 
+16% 
56% 
+17% 
71% 
+ 9% 
34% 
+21% 
32% 
+22% 
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+10% 
58% 
+16% 
72% 
+ 8% 
57% 
+14% 
31% 
+20% 
26% 
+18% 
58% 
+ 7% 
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+12% 
34% 
+22% 
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+ 1% 
+ 27% 
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+ 23% 
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+ 22% 
+ 14% 
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G^ + 5% 
'F + 25% 
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147964.0 
147967.0 
148731.0 
148734.0 
149314.0 
149316.0 
150128.0 
150132.0 
152979.0 
153064.0 
155522.0 
155525.0 
156264.0 
156318.0 
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158430.0 
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158790.0 
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92% 5p^ 
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93% 5p^ 
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+ 2% 5p^ 
93% 5p^ 
+ 1% 5p^ 
93% 5p^ 
+ 2% 5p' 
93% 5p^ 
+ 1% 5p^ 
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33% 5p^ 
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+ 6% 5p^ 
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+ 3% 5p^ 
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73% 5p^ 
+ 6% 5p^ 
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+ 6% 5p^ 
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(^ D)^ H 
(^ P)^ G 
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160900.0 
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160912.0 
160925.0 
161670.0 
161683.0 
162254.0 
162264.0 
162362.0 
162364.0 
163401.0 
163402.0 
164094.0 
164169.0 
164181.0 
164252.0 
164752.0 
164753.0 
165742.0 
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169517.0 
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171123.0 
172576.0 
172792.0 
172848.0 
173616.0 
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174919.0 
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+20% 
30% 
+20% 
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+12% 
50% 
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33% 
+23% 
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+ 6% 
33% 
+23% 
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49% 
+ 5% 
57% 
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+27% 
40% 
+27% 
44% 
+14% 
59% 
+10% 
40% 
+27% 
40% 
+27% 
44% 
+14% 
59% 
+10% 
40% 
+27% 
40% 
+27% 
44% 
5p^ 
5p^ 
5P^ 
5P^ 
5P^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5P^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5P^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
lOg 
lOg 
8g 
lOg 
8g 
8g 
lOg 
8g 
llg 
llg 
llg 
llg 
12g 
12g 
12g 
12g 
9g 
9g 
9g 
9g 
lOg 
lOg 
lOg 
lOg 
5g 
5g 
llg 
llg 
llg 
llg 
5g 
5g 
12g 
12g 
12g 
12g 
6g 
6g 
7g 
7g 
6g 
6g 
6g 
6g 
8g 
8g 
9g 
9g 
7g 
7g 
7g 
7g 
lOg 
lOg 
llg 
llg 
8g 
('D) 
('D) 
('D) 
('D) 
('D) 
('D) 
('D) 
('D) 
(^ D) 
('D) 
('D) 
('D) 
('D) 
('D) 
('D) 
('P) 
('D) 
('D) 
('D) 
('D) 
('D) 
('D) 
('D) 
('D) 
i'-p) 
('D) 
('D) 
('D) 
('D) 
('D) 
('P) 
('P) 
('D) 
('D) 
('D) 
('D) 
('P) 
('P) 
('P) 
('P) 
('P) 
('D) 
('P) 
('P) 
i'P) 
i'P) 
('P) 
('P) 
(^ P) 
('D) 
('P) 
(^ P) 
('P) 
('P) 
('P) 
('P) 
('P) 
H^ 
H^ 
H^ 
H^ 
H^ 
^G 
^H 
^H 
25% 
9% 
24% 
9% 
14% 
2% 
16% 
5% 
+ 27% 
+ 10% 
7% 
6% 
27% 
10% 
7% 
6% 
43% 
3% 
29% 
5% 
22% 
11% 
38% 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
5p^ lOg 
5p^ lOg 
5p^ 8g 
5p^ lOg 
5p^ 8g 
5p^ lOg 
5p^ 8g 
5p^ lOg 
5p^ llg 
5p^ llg 
5p^ llg 
5p^ llg 
5p^ 12g 
5p^ 12g 
5p^ 12g 
5p^ 12g 
5p' 9g 
5p' 9g 
5p' 9g 
5p' 9g 
5p^ lOg 
5p^ lOg 
5p^ lOg 
H + 32% 5p^ 5g 
1 + 6 % 5p^ llg 
+ 16% 5p-' llg 
+ 34% 5p^ 
5% 5p^ 
12% 5p^ 
6% 5p^ 
+ 25% 5p^ 
+ 
+ 
+ 
llg 
5g 
5g 
5g 
12g 
H^ + 29% 5p^ 12g 
I^ + 3% 5p^ 12g 
H^ + 33% 5p' 6g 
'G 
H^ + 33% 5p^ 7g 
'G 
H^ + 37% 5p^ 6g 
'l + 3% 5p^ 6g 
'G + 12% 5p^ 6g 
H^ + 6% 5p^ 6g 
'H + 33% 5p^ 8g 
H^ + 33% 5p^ 9g 
H^ + 37% 5p^ 
'l + 3% 5p^ 
7g 
7g 
G^ + 12% 5p^ 7g 
H^ + 6% 5p^ 7g 
H^ + 33% 5p^ lOg 
G^ 
H^ + 33% 5p^ llg 
'G 
^H + 37% 5p^ 8g 
('D) 
('P) 
('D) 
('D) 
('D) 
(^ D' 
('D) 
('P) 
(^ D) 
('P) 
(^ P) 
('P) 
('D) 
('P) 
('P) 
('D) 
('D) 
('D) 
('D) 
('D) 
('D) 
('D) 
('D) 
('P) 
('D) 
('D) 
('D) 
('P) 
('P) 
('D) 
('D) 
('D) 
('D) 
('P) 
('P) 
('P) 
('S) 
('P) 
('D) 
('P) 
('P) 
('P) 
('S) 
('P) 
('D) 
('P) 
('P) 
('P) 
3^ . 
75 
174953.0 
174968.0 
176376.0 
176402.0 
177418.0 
177437.0 
178187.0 
178201.0 
178771.0 
178782.0 
134697.0 
140089.0 
143353.0 
145472.0 
146926.0 
147690.0 
147965.0 
148732.0 
149315.0 
150129.0 
150131.0 
153063.0 
- 155521.0 
- 155525.0 
- 156318.0 
- 158430.0 
- 158788.0 
- 158789.0 
- 159881.0 
- 160901.0 
- 160909.0 
- 160924.0 
- 161683.0 
+ 14% 
48% 
+ 8% 
32% 
+22% 
44% 
+14% 
59% 
+10% 
44% 
+14% 
59% 
+10% 
44% 
+14% 
59% 
+10% 
44% 
+14% 
59% 
+10% 
94% 
94% 
94% 
94% 
94% 
40% 
+13% 
94% 
94% 
94% 
88% 
+ 2% 
57% 
40% 
+13% 
88% 
+ 5% 
55% 
39% 
+ 13% 
39% 
+ 13% 
87% 
+ 4% 
55% 
39% 
+14% 
63% 
+ 9% 
54% 
28% 
+24% 
39% 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
8g ( 
8g ( 
8g ( 
12g ( 
12g ( 
9g ( 
9g ( 
9g ( 
9g < 
lOg ( 
lOg ( 
lOg ( 
lOg ( 
llg < 
llg { 
llg 
llg 
12g 
12g 
12g 
12g 
5g 
6g 
7g 
8g 
9g 
5g 
5g 
lOg 
llg 
12g 
5g 
5g 
5g 
6g 
6g 
6g 
6g 
6g 
7g 
7g 
8g 
8g 
7g ( 
7g 
7g 
9g 
9g 
8g 
lOg 
8g 
lOg 
8g 
llg 
^D)^I 
^P)^G 
^P)^H 
^P)^H 
2p)3c3 
^P)^H 
^D)^I 
^P)^G 
^P)^H 
^P)^H 
^D)^I 
^P)^G 
^P)^H 
^P)^H 
^D)^I 
^P)^G 
^P)^H 
^P)^H 
^D)^I 
^P)^G 
(^ P)^ H 
(*S)^ G 
(^ S)=G 
(^ S)^ G 
(*S)^ G 
(*S)^ G 
('D)^I 
(^ P)^ H 
(*S)=G 
(*S)^ G 
('S)^ G 
(^ D)^ H 
('D)^ I 
('D)^ I 
('D)^I 
(^ P)^ H 
(^ D)^ H 
('D)^I 
('D)^I 
('D)^I 
(^ P)^ H 
('D)^ I 
(^ P)^ H 
^D)^H 
('D)^I 
('D)^I 
('D)^I 
(^ P)^ H 
(^ D)^ H 
('D)^I 
('D)^I 
('D)^I 
(^ D)^ H 
('D)^I 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
3% 
10% 
7% 
27% 
11% 
37% 
3% 
11% 
6% 
37% 
3% 
11% 
6% 
37% 
3% 
11% 
6% 
37% 
3% 
11% 
6% 
5% 
5% 
5% 
5% 
5% 
34% 
9% 
5% 
5% 
5% 
9% 
43% 
34% 
10% 
7% 
45% 
34% 
10% 
34% 
11% 
8% 
45% 
34% 
11% 
11% 
5% 
46% 
24% 
10% 
33% 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
8g 
8g 
12g 
12g 
8g 
9g 
9g 
9g 
9g 
lOg 
lOg 
lOg 
lOg 
llg 
llg 
llg 
llg 
12g 
12g 
12g 
12g 
5g 
6g 
7g 
8g 
9g 
5g 
5g 
lOg 
llg 
12g 
5g 
5g 
6g 
6g 
6g 
6g 
7g 
7g 
8g 
8g 
7g 
7g 
9g 
9g 
lOg 
8g 
8g 
lOg 
lOg 
llg 
(^ S)^ G 
(^ P)^ H 
(^ P)^ H 
(^ P)^ H 
(^ P)^ G 
(^ P)^ H 
(*S)^ G 
(^ P)^ H 
(^ D)^ H 
(^ P)^ H 
(*S)^ G 
(^ P)^ H 
(^ D)^ H 
(^ P)^ H 
(^ S)^ G 
(^ P)^ H 
(^ D)^ H 
(^ P)^ H 
(^ S)^ G 
(^P)'H 
(^ D)^ H 
(^ P)^ H 
(^ P)^ H 
(^ P)^ H 
(^ P)^ H 
(^ P)^ H 
('D)^I 
(^ D)^ H 
(^ P)^ H 
(^ P)^ H 
(^ P) ^ H 
('D)^ I 
('D)^I 
('D)^I 
(^ D)^ H 
('D)^ I 
('D)^ I 
('D)^ I 
(^ D)^ H 
('D)^I 
(^ D)^ H 
('D)^I 
('D)^I 
('D)^I 
(^ D)^ H 
('D)^ I 
('D)^I 
('D)^I 
('D)^I 
(^ P)^ H 
('D)^I 
76 
162264.0 
162362.0 
162363.0 
163400.0 
163402.0 
164092.0 
164169.0 
164180.0 
164752.0 
164753.0 
169515.0 
172791.0 
174917.0 
176375.0 
177417.0 
178186.0 
178770.0 
150131.0 
155524.0 
158789.0 
160909.0 
162363.0 
163402.0 
164169.0 
164752.0 
+ 14% 
39% 
+13% 
86% 
+ 5% 
55% 
87% 
+ 6% 
54% 
71% 
+ 6% 
54% 
76% 
+ 6% 
52% 
86% 
+ 6% 
81% 
+ 6% 
81% 
+ 6% 
81% 
+ 6% 
81% 
+ 6% 
81% 
+ 6% 
81% 
+ 6% 
81% 
+ 6% 
5p^ llg 
5p^ 12g 
5p^ 12g 
5p' 9g 
5p' 9g 
5p' 9g 
5p^ lOg 
5p^ lOg 
5p^ lOg 
5p' 5g 
5p' 5g 
5p^ llg 
5p^ llg 
5p^ llg 
5p^ 12g 
5p^ 12g 
5p^ 12g 
5p^ 6g 
5p^ 6g 
5p' 7g 
5p' 7g 
5p' 8g 
5p^ 8g 
5p' 9g 
5p' 9g 
5p^ lOg 
5p^ lOg 
5p^ llg 
5p^ llg 
5p^ 12g 
5p^ 12g 
100% 5p^ 5g 
100% 5p' 6g 
100% 5p^ 7g 
100% 5p^ 8g 
100% 5p^ 9g 
100% 5p^ lOg 
100% 5p^ llg 
100% 5p^ 12g 
D^ 
=D 
'H + 11% 5p^ llg 
'l + 33% 5p^ 12g 
'H + 11% 5p^ 12g 
'H + 8% 5p^ 9g 
I^ + 45% 5p^ 9g 
'H + 7% 5p^ lOg 
I^ 
H^ 
3TT 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
46% 5p^ 
11% 5p^ 
6% 5p^ 
46% 5p^ 
10% 5p^ 
5% 5p^ 
47% 5p^ 
8% 5p^ 
7% 5p^ 
3% 5p^ 
7% 5p^ 
3% 5p^ 
7% 5p^ 
3% 5p^ 
7% 5p^ 
3% 5p^ 
7% 5p^ 
3% 5p^ 
7% 5p^ 
3% 5p^ 
7% 5p^ 
3% 5p^ 
lOg 
llg 
5g 
llg 
5g 
llg 
12g 
12g 
6g 
6g 
7g 
7g 
8g 
8g 
9g 
9g 
lOg 
lOg 
llg 
llg 
12g 
12g 
D^ 
31 
'I 
('S) 
(*S) 
-*" o L> ' 
77 
Table 3.6 : Energy parameter values in cm'^  for 5p^5g, 5p"^ 6g, 
5p'7g, 5p' 8g, 5p'9g, Sp'lOg, Sp'llg, 5p'l2g 
configurations of singly ionized iodine ( III ) 
configuration 
5p' 5g 
5p' 6g 
5p' 7g 
5p'8g 
parameter 
E„v (5p' 5g) 
F'(5p,5p) 
a 
^5p 
^5g 
F'( 5p, 5g) 
F'( 5p, 5g) 
G'( 5p, 5g) 
G'(5p,5g) 
G'(5p,5g) 
E„v (5p' 6g) 
F'( 5p, 5p) 
a 
^5p 
FH 5p, 6g) 
^i 5p, 6g) 
G'( 5p, 6g) 
G'(5p,6g) 
G'( 5p, 6g) 
Eav (5p' 7g) 
F'( 5p, 5p) 
a 
^5p 
F\ 5p, 7g) 
F'( 5p, 7g) 
G'( 5p, 7g) 
G'( 5p, 7g) 
G'( 5p, 7g) 
Eav(5p' 8g) 
F'( 5p, 5p) 
a 
S5p 
^8g 
LSF 
150372 
40882 
-100 
5527 
0 
0 
808 
14 
0 
10 
155765 
40883 
-100 
5527 
0 
0 
473 
14 
0 
10 
159030 
40883 
-100 
5527 
0 
0 
299 
11 
0 
8 
161150 
40884 
-100 
5527 
0 
accuracy 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
HF 
150376 
48097 
5527 
0 
0 
950 
19 
0 
13 
155764 
48097 
5527 
0 
0 
557 
19 
0 
13 
159034 
48098 
5527 
0 
0 
352 
15 
0 
11 
161152 
48099 
5528 
0 
LSF/HF 
1.000 
0.850 
1.000 
1.000 
0.850 
0.747 
0.748 
1.000 
0.850 
1.000 
0.000 
0.850 
0.746 
0.744 
1.000 
0.850 
1.000 
0.850 
0.745 
0.750 
1.000 
0.850 
1.000 
78 
F'( 5p, 8g) 0 
F ' ( 5p, 8g) 200 
G'( 5p, 8g) 9 
G\ 5p, 8g) 0 
G'( 5p, 8g) 6 
5p' 9g E„v(5p' 9g) 162603 
F'( 5p, 5p) 40885 
a -100 
?5p 5528 
^9g 0 
F'( 5p, 9g) 0 
F'(5p,9g) 141 
G'( 5p, 9g) 7 
G'( 5p, 9g) 0 
G'(5p,9g) 5 
5p^ lOg E„v(5p^ lOg) 163643 
F^ ( 5p, 5p) 40885 
a -100 
i;5p 5528 
^log 0 
F'( 5p,10g) 0 
F'( 5p,10g) 103 
G'( 5p,10g) 5 
G'( 5p,10g) 0 
G=( 5p,10g) 4 
Sp'llg E„v(5pMlg) 164410 
F'( 5p, 5p) 40885 
a -100 
?5p 5528 
^iig 0 
F'(5p,llg) 0 
F'(5p,llg) 77 
G'(5p,llg) 4 
G'(5p,llg) 0 
G'(5p,llg) 3 
5p' 12g Eav(5p' 12g) 164992 
F^ ( 5p, 5p) 40886 
a -100 
C^ p 5528 
^12g 0 
F^ ( 5p,12g) 0 
F'( 5p,12g) 59 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
236 
12 
0 
8 
162601 
48100 
5528 
0 
0 
166 
9 
0 
6 
163643 
48100 
5528 
0 
0 
121 
7 
0 
5 
164412 
48101 
5528 
0 
0 
91 
6 
0 
4 
164993 
48101 
5528 
0 
0 
70 
0.850 
0.746 
0.747 
1.000 
0.850 
1.000 
0.850 
0.747 
0.750 
1.000 
0.850 
1.000 
0.850 
0.743 
0.740 
1.000 
0.850 
1.000 
0.849 
0.745 
0.744 
1.000 
0.850 
1.000 
0.849 
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5p ' 5g 
5 p ' 5 g 
5 p ' 5 g 
5p ' 5g 
5 p ' 5 g 
5p '5g 
5p ' 5g 
5p ' 6g 
5 p ' 6 g 
5 p ' 6 g 
5 p ' 6 g 
-5p ' 6g 
-5p ' 7g 
-5p ' 8g 
-5p ' 9g 
- V lOg 
V l l g 
-5p ' 12g 
-5p ' 7g 
-5p ' 8g 
-5p ' 9g 
-5p ' lOg 
G'( 5p,12g) 
G'( 5p,12g) 
G'( 5p,12g) 
R"( 5p, 5g; 5p, 6g) 
R'( 5p, 5g; 5p, 6g) 
R^( 5p, 5g; 6g, 5p) 
R \ 5p, 5g; 6g, 5p) 
R°( 5p, 5g; 5p, 7g) 
R'( 5p, 5g; 5p, 7g) 
R ' ( 5p, Sg; 7g, 5p) 
R'( 5p, 5g; 7g, 5p) 
R \ 5p, 5g; 5p, 8g) 
R ' { 5p, 5g; 5p, 8g) 
R ' ( 5p, 5g; 8g, 5p) 
R \ 5p, 5g; 8g, 5p) 
R*'( 5p, 5g; 5p, 9g) 
R'( 5p, 5g; 5p, 9g) 
R ' ( 5p, 5g; 9g, 5p) 
R=( 5p, 5g; 9g, 5p) 
R " ( 5p, 5g; 5p,10g) 
R^ 5p, 5g; 5p,10g) 
R ' (5p ,5g ;10g ,5p) 
R \ 5 p , 5 g ; 1 0 g , 5 p ) 
R ° ( 5 p , 5 g ; 5 p , l l g ) 
R ' ( 5 p , 5 g ; 5 p , l l g ) 
R ' ( 5 p , 5 g ; l l g , 5 p ) 
R^^(5p,5g;llg,5p) 
R " ( 5p, 5g; 5p,12g) 
R ^ 5p, 5g; 5p,12g) 
R ^ 5 p , 5 g ; 1 2 g , 5 p ) 
R ' (5p ,5g ;12g ,5p) 
R"( 5p, 6g; 5p, 7g) 
R'( 5p, 6g; 5p, 7g) 
R'( 5p, 6g; 7g, 5p) 
R \ 5p, 6g; 7g, 5p) 
R " ( 5p, 6g; 5p, 8g) 
R ' ( 5p, 6g; 5p, 8g) 
R ' ( 5p, 6g; 8g, 5p) 
R \ 5p, 6g; 8g, 5p) 
R' ' ( 5p, 6g; 5p, 9g) 
R ' ( 5p, 6g; 5p, 9g) 
R'( 5p, 6g; 9g, 5p) 
R\ 5p, 6g; 9g, 5p) 
R°( 5p, 6g; 5p,10g) 
R ' ( 5p, 6g; 5p,10g) 
3 
0 
2 
0 
420 
14 
10 
0 
298 
13 
9 
0 
229 
11 
8 
0 
184 
10 
7 
0 
153 
9 
6 
0 
130 
8 
5 
0 
112 
7 
5 
0 
296 
13 
9 
0 
228 
11 
8 
0 
184 
10 
7 
0 
153 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 ' 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
4 
0 
3 
0 
560 
19 
13 
0 
398 
17 
12 
0 
305 
15 
10 
0 
246 
13 
9 
0 
204 
11 
8 
0 
173 
10 
7 
0 
150 
9 
6 
0 
394 
17 
12 
0 
304 
15 
11 
0 
246 
13 
9 
0 
204 
0.727 
0.742 
0.750 
0.750 
0.750 
0.750 
0.751 
0.748 
0.750 
0.750 
0.750 
0.750 
0.746 
0.758 
0.750 
0.754 
0.750 
0.750 
0.752 
0.746 
0.750 
0.756 
0.762 
0.750 
0.753 
0.750 
0.750 
0.752 
0.752 
0.750 
0.748 
0.750 
0.750 
80 
5p'6g V l l g 
5p' 6g -5p'12g 
5p' 7g -5p' 8g 
5p' 7g -5p' 9g 
5p'7g -5pM0g 
5p^ 7g V n g 
5p' 7g -5p' 12g 
5p' 8g -5p' 9g 
5p'8g -Sp'lOg 
5p'8g -5pMlg 
5p' 8g V 12g 
R ' ( 5p, 6g 
R'( 5p, 6g 
R"( 5p, 6g; 
R ' ( 5p, 6g 
R ' ( 5p, 6g 
R ' ( 5p, 6g 
R"( 5p, 6g 
R'( 5p, 6g 
R'( 5p, 6g 
R'( 5p, 6g 
R"( 5p, 7g 
R'( 5p, 7g 
R'( 5p, 7g, 
R ' ( 5p, 7g 
R"( 5p, 7g 
R'( 5p, 7g 
R ' ( 5p, 7g 
R'( 5p, 7g 
R°( 5p, 7g 
R ' ( 5p, 7g 
R'( 5p, 7g 
R'( 5p, 7g 
R°( 5p, 7g 
R'( 5p, 7g 
R\ 5p, 7g 
R'( 5p, 7g 
R°( 5p, 7g 
R'( 5p, 7g 
R'( 5p, 7g 
R'( 5p, 7g 
R"( 5p, 8g; 
R'( 5p, 8g 
R'( 5p, 8g 
R'( 5p, 8g 
R\ 5p, 8g 
R'( 5p, 8g 
R ' ( 5p, 8g; 
R\ 5p, 8g 
R\ 5p, 8g 
R ' ( 5p, 8g 
R'( 5p, 8g 
R'( 5p, 8g 
R\ 5p, 8g 
R'( 5p, 8g 
R ' ( 5p, 8g 
R'( 5p, 8g; 
lOg, 5p) 
lOg, 5p) 
5p,llg) 
5p,llg) 
llg,5p) 
llg,5p) 
5p,12g) 
5p,12g) 
12g,5p) 
12g, 5p) 
5p, 8g) 
5p, 8g) 
8g, 5p) 
8g, 5p) 
5p, 9g) 
5p, 9g) 
9g, 5p) 
9g, 5p) 
5p,10g) 
5p,10g) 
10g,5p) 
10g,5p) 
5p,llg) 
5p,ng) 
llg,5p) 
llg,5p) 
5p,12g) 
5p,12g) 
12g, 5p) 
12g,5p) 
5p, 9g) 
5p, 9g) 
9g, 5p) 
9g, 5p) 
5p,10g) 
5p,10g) 
lOg, 5p) 
lOg, 5p) 
5p,llg) 
5p,llg) 
llg,5p) 
llg,5p) 
5p,12g) 
5p,12g) 
12g, 5p) 
12g, 5p) 
9 
6 
0 
130 
8 
5 
0 
113 
7 
5 
0 
203 
10 
7 
0 
164 
9 
6 
0 
137 
8 
6 
0 
116 
7 
5 
0 
101 
6 
4 
0 
143 
8 
6 
0 
119 
7 
5 
0 
101 
6 
4 
0 
88 
5 
4 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
12 
8 
0 
174 
10 
7 
0 
150 
9 
6 
0 
270 
14 
10 
0 
219 
12 
8 
0 
182 
10 
7 
0 
155 
9 
7 
0 
135 
8 
6 
0 
190 
10 
7 
0 
159 
9 
6 
0 
135 
8 
6 
0 
117 
7 
5 
0.748 
0.753 
0.750 
0.745 
0.750 
0.750 
0.747 
0.750 
0.750 
0.748 
0.747 
0.750 
0.746 
0.747 
0.750 
0.750 
0.753 
0.750 
0.750 
0.754 
0.750 
0.744 
0.741 
0.750 
0.750 
0.753 
0.750 
0.747 
0.750 
0.750 
0.753 
0.754 
0.750 
0.750 
0.745 
5p^ 9g -5p^ lOg 
5p^9g -SpMlg 
5p' 9g -5p'12g 
5p ' l0g -5pMlg 
5p ' l0g-5pM2g 
5 p ' l l g V > 2 g 
R"( 5p, 9g; 5p,10g) 
R ' ( 5p, 9g,- 5p,10g) 
R'(5p,9g;10g,5p) 
R'(5p,9g;10g,5p) 
R°(5p,9g;5p,llg) 
R'( 5p, 9g; 5p,llg) 
R'(5p,9g;l lg,5p) 
R'(5p,9g;l lg,5p) 
R^ Sp, 9g; 5p,12g) 
R^ 5p, 9g; 5p,12g) 
R'(5p,9g;12g,5p) 
R^(5p,9g;12g,5p) 
R''(5p,10g;5p,llg) 
R ' ( 5p,10g; 5p,llg) 
R'(5p,10g;llg,5p) 
R'(5p,10g;llg,5p) 
R\ 5p,10g; 5p,12g) 
R'( 5p,10g; 5p,12g) 
R'(5p,10g;12g,5p) 
R '^( 5p,10g;12g, 5p) 
R''(5p,llg;5p,12g) 
R'(5p,llg;5p,12g) 
R'(5p,llg;12g,5p) 
R'(5p,llg;12g,5p) 
0 
103 
6 
4 
0 
88 
5 
4 
0 
76 
5 
3 
0 
77 
5 
3 
0 
67 
4 
3 
0 
59 
4 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
138 
8 
6 
0 
117 
7 
5 
0 
102 
6 
4 
0 
103 
6 
4 
0 
89 
6 
4 
0 
78 
5 
4 
0.749 
0.750 
0.750 
0.750 
0.746 
0.740 
0.750 
0.746 
0.750 
0.750 
0.758 
0.750 
0.751 
0.764 
0.744 
0.750 
0.755 
0.743 
82 
Table 3.7 : Observed and fitted energy levels of Ss^ Sp"*, 5p ,^ 
5p^6p,5p^7p,5p^8p,5p^4f, 5p^5f,5p^6f configuration 
of 111 along with LS percentage composition 
E(obs) E(LSF) diff. LS-composition. 
6448.0 6556.0 -108.0 
29501.0 29483.0 18.0 
103004.0 102914.0 90.0 
114636.0 114714.0 -78.0 
125006.0 125017.0 -11.0 
127182.0 127055.0 127.0 
134363.0 134097.0 266.0 
136539.0 
138236.0 138267.0 -31.0 
140328.0 140317.0 
- 148000.0 
149532.0 
150565.0 
155896.0 
11.0 
85% 
15% 
84% 
15% 
92% 
5% 
85% 
12% 
73% 
16% 
7% 
74% 
13% 
70% 
14% 
6% 
5% 
82% 
6% 
4% 
74% 
8% 
8% 
5% 
99% 
81% 
+ 10% 
+ 5% 
65% 
+ 18% 
+ 15% 
84% 
+ 11% 
58% 
+ 16% 
+ 14% 
5s^ 
5s^ 
5s^ 
5s^ 
5s' 
5s' 
5s' 
5s' 
5s' 
5s= 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s^ 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s^ 
5s' 
5s' 
5p^ 
5p^ 
5p^ 
5P^ 
5p^ 6p 
5p^ 6p 
5p^ 6p 
5p^ 6p 
5p^ 6p 
5p' 7p 
5p^ 6p 
5p^ 7p 
5p^ 6p 
5p' 6p 
5p^ 6p 
5p^ 6p 
5p^ 6p 
5p^ 8p 
5p' 7p 
5p^ 8p 
5p' 7p 
5p^ 7p 
5p^ 8p 
5p' 7p 
5p^ 4f 
5p^ 8p 
5p^ 8p 
5p^ 8p 
5p' 7p 
5p' 7p 
5p^ 5f 
5p^ 5f 
5p' 7p 
5p' 7p 
5p' 7p 
5p' 7p 
"P 
'S 
'S 
'P 
S^ 
'D 
=D 
P^ 
S^ 
P^ 
P^ 
S^ 
^p 
^p 
s^ 
3TI 
"P 
S^ 
^p 
3T-, 
"P 
^p 
^p 
s^ 
3T-. 
"P 
S^ 
3TI 
157482.0 
159131.0 
163825.0 
- 232163.0 
7p ('S)^ P 
6f (^ D)^ P 
8p (^ P)^ P 
8p (^ P)^ S 
60% 5s^ 5p^ 8p (^ P)^ S 
+ 17% 5s^ 5p^ 8p (^ P)^ P 
+ 17% 5s^ 5p^ 8p (^ D)^ P 
99% 5p® 
+ 5% 5s^ 5p^ 
98% 5s^ 5p^ 
73% 5s^ 5p^ 
+ 22% 5s^ 5p^ 
7087.0 7052.0 35.0 
99220.0 99179.0 41.0 
101644.0 101430.0 214.0 
110007.0 110272.0 -265.0 
113813.0 113894.0 -81.0 
116085.0 116221.0 -136.0 
123521.0 123477.0 44.0 
124842.0 124659.0 183.0 
124951.0 124750.0 201.0 
125162.0 125085.0 77.0 
126236.0 126203.0 33.0 
128563.0 128322.0 241.0 
100% 
83% 
5% 
5% 
70% 
8% 
7% 
5% 
45% 
+ 26% 
+ 9% 
+ 6% 
42% 
+ 28% 
+ 11% 
+ 9% 
62% 
+ 17% 
+ 7% 
+ 5% 
69% 
+ 22% 
72% 
+ 10% 
+ 6% 
+ 5% 
40% 
+ 17% 
+ 10% 
+ 9% 
76% 
6% 
5% 
73% 
7% 
6% 
56% 
5s' 5p* 
5s' 5p^ 6p 
5s' 5p^ 6p 
5s' 5p^ 6p 
5 s' 5p^ 6p 
5s' 5p^ 6p 
5s' 5p^ 6p 
5 s' 5p^ 6p 
5s' 5p^ 6p 
5s' 5p^ 6p 
5s' 5p^ 6p 
5s' 5p^ 6p 
5s' 5p^ 6p 
5s' 5p^ 6p 
5s' 5p^ 6p 
5s' 5p^ 6p 
5s' 5p^ 6p 
5s' 5p^ 6p 
5s' 5p^ 6p 
5s' 5p^ 6p 
5s' 5p^ 6p 
5s' 5p^ 6p 
5s' 5p^ 4f 
5s' 5p^ 6p 
5s' 5p^ 4f 
5s' 5p^ 6p 
5s' 5p^ 6p 
5s' 5p^ 4f 
5s' 5p^ 7p 
5s' 5p^ 6p 
5s' 5p^ 7p 
5s' 5p^ 6p 
5s' 5p^ 7p 
5s' 5p^ 7p 
5s' 5p^ 6p 
5s' 5p^ 7p 
5s' 5p^ 6p 
D^ 
P^ 
"P 
P^ 
P^ 
5T-> 
P^ 
"P 
P^ 
P^ 
P^ 
ST-. 
^P 
P^ 
84 
130825.0 131015.0 -190.0 
135242.0 135217.0 25.0 
136045.0 135909.0 136.0 
136408.0 136250.0 158.0 
136660.0 136716.0 -56.0 
137393.0 137399.0 -6.0 
138167.0 
140037.0 140053.0 -16.0 
140255.0 140246.0 9.0 
140560.0 140701.0 -141.0 
- 141094 .0 
- 147207 .0 
- 147296 .0 
- 1 4 7 8 9 1 . 0 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
16% 
12% 
4% 
37% 
22% 
16% 
11% 
88% 
9% 
85% 
5% 
65% 
12% 
6% 
40% 
18% 
15% 
5% 
43% 
19% 
16% 
14% 
34% 
21% 
18% 
8% 
56% 
39% 
74% 
17% 
7% 
47% 
40% 
9% 
93% 
6% 
34% 
24% 
14% 
13% 
56% 
18% 
6% 
5% 
42% 
17% 
5s" 
5s^ 
5s^ 
5s^ 
5s' 
5s' 
5s' 
5 s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5p^ 
5p^ 
5P^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5P^ 
5P^ 
5p^ 
5p^ 
5P^ 
5P^ 
5p^ 
5p^ 
5p^ 
5P^ 
5P^ 
5p^ 
5p^ 
5p^ 
5p^ 
5P^ 
5p^ 
5P^ 
5P^ 
5p^ 
5P^ 
5P^ 
5P^ 
5P^ 
5P^ 
5p^ 
5p^ 
5P^ 
5p^ 
5P^ 
5P^ 
5P^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p-
5p^ 
6p ( 
6p ( 
6p ( 
6p ( 
6p ( 
6p ( 
6p ( 
5f { 
5f ( 
8p ( 
8p ( 
8p ( 
7p ( 
8p < 
7p < 
7p < 
8p ( 
7p 
4f ( 
4f 
4f 
4f 
7p 
7p 
7p 
7p 
4f 
4f 
4f 
4f 
4f 
7p 
7p 
7p 
6f 
6f 
5f 
5f 
5f 
5f 
8p 
8p < 
8p 1 
8p < 
8p ( 
8p < 
'D) 
'P] 
'D] 
'Pl 
'P] 
'D] 
'P] 
'S] 
'P] 
'S] 
'S] 
'S] 
'D] 
'S] 
'D^  
'D] 
'^ S 
['D' 
.'D 
['D 
['D 
['P 
I'D 
('D 
('D 
('P 
('D 
('D 
('D 
('D 
('D 
('D 
('D 
('D 
('s 
( 'p 
['D 
['D 
['D 
['p 
''D 
'D. 
'Pl 
'PI 
'D] 
'D] 
P^ 
3p 
P^ 
P^ 
P^ 
D^ 
D^ 
=F 
D^ 
5p 
P^ 
3p 
D^ 
5p 
D^ 
P^ 
3p 
I'P 
P^ 
I'D 
)3p 
I'D 
I'P 
I'P 
I'D 
I's 
I'D 
>'P 
)'P 
I'D 
)'P 
)'P 
)'P 
I'D 
I'F 
I'D 
I'P 
I'D 
I'P 
I'D 
I'D 
I^ P 
'P 
P^ 
'P 
P^ 
85 
- 148655.0 
149367.0 149149.0 218.0 
150279.0 150188.0 91.0 
- 150421.0 
- 150434.0 
- 153139.0 
- 153716.0 
- 154456.0 
- 154822.0 
- 157353.0 
- 157456.0 
- 158561.0 
- 158821.0 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
13% 
8% 
62% 
18% 
7% 
44% 
24% 
11% 
8% 
60% 
27% 
43% 
28% 
9% 
9% 
61% 
13% 
9% 
73% 
8% 
4% 
4% 
50% 
17% 
14% 
8% 
37% 
20% 
16% 
12% 
35% 
28% 
15% 
13% 
53% 
38% 
7% 
71% 
25% 
73% 
22% 
49% 
29% 
12% 
8% 
5s^ 
53^ 
5s^ 
5s^ 
5s^ 
5s^ 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5P^ 
5p^ 
5P^ 
5p^ 
5P^ 
5P^ 
5P^ 
5P^ 
5p^ 
5p^ 
5P^ 
5P^ 
5P^ 
5P^ 
5P^ 
5P^ 
5P^ 
5P^ 
5P^ 
5p^ 
5P^ 
5P^ 
5P^ 
5P^ 
5P^ 
5P^ 
5p^ 
5p^ 
5P^ 
5p^ 
5P^ 
5P^ 
5P^ 
5P^ 
5P^ 
5p^ 
5P^ 
5P^ 
5P= 
5P^ 
5P^ 
5P^ 
5P^ 
5P^ 
5P^ 
8p ( 
8p ( 
7p < 
7p < 
8p ( 
7p ( 
7p < 
7p < 
7p < 
5f < 
5f ( 
8p < 
8p 
5f ( 
8p 
5f 
5f 
8p 
4f 
4f 
4f 
4f 
7p 
7p 
7p 
7p 
7p 
7p 
7p 
7p 
6f 
6f 
6f 
6f 
6f 
6f 
6f 
6f 
6f 
8p 
8p 
8p 
8p 
8p 
8p 
'D) 
'P) 
'P) 
'P) 
'D] 
'P] 
'Pl 
'PI 
'Pl 
'D] 
'D] 
'Dj 
'D^  
'D 
['D 
I'D 
['D 
['D 
['P 
['D 
('D 
['D 
('P 
('P 
('D 
('P 
('P 
('P 
('D 
('P 
('D 
('D 
('D 
('P 
('D 
('D 
('D 
('D 
('D 
('P 
('P 
('P 
('P 
['P 
['P 
^D 
^S 
^D 
^P 
^P 
^P 
^S 
^P 
^D 
D^ 
^P 
^P 
>"P 
^P 
»"D 
I'P 
>'P 
I'P 
I'D 
I'P 
)'P 
I'D 
I's 
)'p 
)'p 
)'P 
)'p 
I'P 
I'D 
I'D 
I'P 
I'D 
I'P 
I'D 
)'P 
I'D 
I'P 
I'p 
I'D 
I'D 
I'p 
I'p 
I's 
I'p 
I'D 
86 
- 162737.0 52% 5s^ 5p^ 8p (^ P)^ S 
163068.0 
163655.0 
171108.0 
0.0 -60.0 60.0 
13727.0 13733.0 •6.0 
99327.0 99252.0 75.0 
102614.0 102531.0 83.0 
111298.0 111550.0 -252.0 
112180.0 112039.0 141.0 
115709.0 115995.0 -286.0 
119083.0 119288.0 -205.0 
124783.0 124600.0 183.0 
125525.0 124837.0 688.0 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
19% 
12% 
6% 
43% 
20% 
16% 
13% 
75% 
8% 
6% 
4% 
80% 
7% 
6% 
90% 
10% 
90% 
10% 
78% 
8% 
6% 
4% 
76% 
11% 
6% 
49% 
22% 
9% 
5% 
41% 
26% 
10% 
9% 
62% 
22% 
8% 
4% 
74% 
16% 
82% 
5% 
5% 
50% 
17% 
5s^ 
53^ 
5s^ 
5s^ 
5s^ 
5s^ 
5s^ 
58^ 
5s^ 
5s^ 
5s^ 
5s^ 
5s^ 
5s^ 
5s^ 
5s^ 
5s^ 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5p^ 
5P^ 
5p^ 
5P^ 
5P^ 
5p^ 
5P^ 
5p^ 
5p^ 
5p^ 
5p^ 
5P^ 
5P^ 
5P^ 
5p^ 
5P^ 
5p^ 
5P^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5P^ 
5P^ 
5p^ 
8p 
8p 
8p 
8p 
8p 
8p 
8p 
5f 
5f 
5f 
5f 
6f 
6f 
6f 
6p 
6p 
6p 
6p 
6p 
6p 
6p 
6p 
6p 
6p 
6p 
6p 
6p 
6p 
6p 
6p 
6p 
6p 
6p 
6p 
6p 
4f 
6p 
4f 
6p 
6p 
('P)^ P 
('D)^P 
('P)^ P 
('P)^ P 
('P)^ P 
('D)^D 
('P)^ D 
('P)^ D 
('D)^P 
('D)^D 
('D)^P 
('P)^ D 
('D)^P 
('D)^D 
^P 
D^ 
D^ 
P^ 
(^ S)^ P 
(^ S)^ P 
('P)^P 
('P)^ D 
('S)^ P 
('S)=P 
('P)^ D 
('D)^F 
('D)^ D 
('P)^D 
(^ S)^ P 
('D)^D 
('D)^F 
('D)^P 
('P)^P 
('D>^P 
('D)^D 
('D)^D 
('P)^P 
('D)^D 
('D)^P 
(^ S)^ F 
('P) ^ D 
('P)^D 
('P)^D 
('P)^D 
87 
125084.0 125110.0 -26.0 
125222.0 125358.0 -136.0 
126404.0 126530.0 -126.0 
129773.0 129872.0 -99.0 
131445.0 131497.0 -52.0 
135222.0 135199.0 23.0 
135725.0 135645.0 80.0 
135943.0 
136044.0 136401.0 -357.0 
136700.0 136530.0 170.0 
137014.0 137131.0 -117.0 
137373.0 137452.0 -79.0 
137641.0 137697.0 -56.0 
139911.0 139977.0 -66.0 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
13% 
7% 
79% 
6% 
5% 
83% 
5% 
81% 
7% 
6% 
54% 
18% 
16% 
4% 
56% 
9% 
9% 
8% 
88% 
6% 
87% 
6% 
82% 
8% 
57% 
8% 
7% 
5% 
31% 
17% 
16% 
11% 
69% 
7% 
6% 
6% 
49% 
10% 
10% 
8% 
48% 
11% 
10% 
7% 
44% 
34% 
5s^ 
5s^ 
5s^ 
5s^ 
5s^ 
55^ 
5s^ 
5s^ 
53^ 
5s^ 
5s^ 
5s^ 
55^ 
5s^ 
5s^ 
5s^ 
53^ 
5s^ 
53^ 
53^ 
5s^ 
5s^ 
5s^ 
53^ 
53^ 
53^ 
53^ 
53^ 
5s' 
53^ 
53^ 
5s' 
53' 
53' 
5s' 
5s' 
5s' 
5s' 
53' 
5s' 
53' 
5s' 
5s' 
5s' 
5s' 
5s' 
5P^ 
5p^ 
5p^ 
5p^ 
5P^ 
5p^ 
5P^ 
5p^ 
5p^ 
5p^ 
5p^ 
5P^ 
5P^ 
5P^ 
5p^ 
5p^ 
5P^ 
5P^ 
5P^ 
5P^ 
5p^ 
5P^ 
5p^ 
5p^ 
5P^ 
5P^ 
5P^ 
5P^ 
5P^ 
5P^ 
5P^ 
5p^ 
5P^ 
5P^ 
5P^ 
5p^ 
5p^ 
5p^ 
5P^ 
5p^ 
5P^ 
5p^ 
5p^ 
5p^ 
5p^ 
5P^ 
6p ( 
4f ( 
7p { 
7p ( 
Vp ( 
4f ( 
4f ( 
Vp < 
7p < 
7p < 
6p ( 
6p 1 
6p < 
6p { 
6p ( 
6p < 
6p { 
6p 
5f 
5f 
5f 
5f 
8p 
8p 
8p 
8p 
4f 
7p 
4f 
8p 
4f 
4f 
7p 
Vp 
7p 
7p 
7p 
7p 
4f 
7p 
4f 
4f 
7p 
4f 
4f 
4f 
'P) 
'S) 
'S) 
'S) 
'P) 
'S) 
'P) 
'S) 
'S) 
'P) 
'P) 
'P) 
'D) 
'S) 
'P) 
'D) 
['P) 
['D) 
['S) 
['P) 
['S) 
('P) 
('S) 
('S) 
('S) 
('S) 
('D) 
('D) 
('D) 
('S) 
('D) 
('D) 
('D) 
('P) 
('S) 
('P) 
('D) 
('P) 
('D) 
('D) 
('D) 
('D) 
('D) 
['P) 
['D) 
['D) 
88 
140189.0 140256.0 -67.0 
140492.0 140761.0 -269.0 
141094.0 141085.0 9.0 
141471.0 141471.0 0.0 
142040.0 141804.0 236.0 
146460.0 146781.0 -321.0 
146949.0 147389.0 -440.0 
147517.0 
147728.0 
149204 .0 148928 .0 2 7 6 . 0 
149367 .0 149239 .0 1 2 8 . 0 
150208.0 
150300.0 
150279.0 150428.0 -149.0 
+ 16% 5s^ 5p^ 4f 
41% 5s^ 5p^ 4f 
+ 29% 5s^ 5p^ 4f 
+ 24% 5s^ 5p^ 4f CD] 
62% 5s^ 5p^ 7p 
+ 22% 5s^ 5p^ 7p 
+ 11% 5s^ 5p^ 7p 
93% 5s^ 5p^ 6f 
89% 5s^ 5p^ 6f 
63% 5s^ 5p^ 7p 
+ 24% 5s^ 5p^ 7p 
+ 5% 5s^ 5p^ 7p 
41% 5s^ 5p^ 5f ("D] 
+ 20% 5s^ 5p^ 5f 
+ 13% 5s^ 5p^ 5f 
+ 7% 5s^ 5p^ 5f 
47% 5s^ 5p^ 5f 
+ 16% 5s^ 5p^ 5f 
+ 10% 5s^ 5p^ 5f 
+ 8% 5s^ 5p^ 5f 
74% 5s^ 5p^ 8p (^ D) 
+ 8% 5s^ 5p^ 8p 
+ 6% 5s^ 5p^ 8p 
+ 4% 5s^ 5p^ 8p 
53% 5s^ 5p^ 8p 
+ 16% 5s^ 5p^ 8p 
+ 12% 5s^ 5p^ 8p 
+ 9% 5s^ 5p^ 8p 
47% 5s^ 5p^ 4f 
+ 22% 5s^ 5p^ 4f 
+ 18% 5s^ 5p^ 4f 
+ 7% 5s^ 5p^ 5f 
47% 5s^ 5p^ 7p 
+ 23% 5s^ 5p^ 7p 
+ 14% 5s^ 5p^ 7p 
+ 8% 5s^ 5p^ 5f 
49% 5s^ 5p^ 5f 
+ 29% 5s^ 5p^ 5f (^ D) 
+ 7% 5s^ 5p^ 5f (^ D) 
+ 6% 5s^ 5p^ 5f 
44% 5s^ 5p^ 5f 
+ 17% 5s^ 5p^ 5f 
+ 11% 5s^ 5p^ 8p 
+ 10% 5s^ 5p^ 5f 
51% 5s^ 5p^ 8p CD] 
+ 19% 5s^ 5p^ 8p 
5T-
3i-N 
F^ 
3r^ 
D^ 
D^ 
89 
150648.0 150913.0 -265.0 
153348.0 
154109.0 
154400.0 
154589.0 
154719.0 
155028.0 
157370.0 
157496.0 
158863.0 
158977.0 
162945.0 
163169.0 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
7% 
5% 
62% 
23% 
9% 
52% 
18% 
12% 
33% 
15% 
13% 
11% 
16% 
13% 
9% 
6% 
31% 
14% 
10% 
9% 
40% 
17% 
8% 
6% 
47% 
15% 
8% 
8% 
39% 
37% 
16% 
41% 
31% 
20% 
49% 
27% 
15% 
46% 
24% 
18% 
43% 
32% 
16% 
61% 
12% 
10% 
5s^ 
53^ 
53^ 
5s^ 
53^ 
53^ 
53^ 
53^ 
5s^ 
53^ 
5s^ 
53^ 
53^ 
53^ 
53^ 
53^ 
5s^ 
53^ 
53^ 
53^ 
53^ 
53^ 
53^ 
53^ 
53^ 
58^ 
53^ 
58^ 
53^ 
53^ 
5s^ 
53^ 
53^ 
5s^ 
53^ 
58^ 
58^ 
5s^ 
58^ 
5s^ 
5s^ 
58^ 
58^ 
5s" 
5s" 
5s" 
5P^ 
5P^ 
5P^ 
5P^ 
5P^ 
5P^ 
5P^ 
5P^ 
5P^ 
5P^ 
5P^ 
5P^ 
5P^ 
5P^ 
5P^ 
5P^ 
5P^ 
5P^ 
5P^ 
5P^ 
5P^ 
5P^ 
5P^ 
5P^ 
5P^ 
5P^ 
5p^ 
5P^ 
5P^ 
5P^ 
5P^ 
5P^ 
5p^ 
5P^ 
5P^ 
5P^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5P^ 
5f < 
8p ( 
8p ( 
8p { 
8p ( 
4f ( 
4f ( 
4f < 
Vp < 
7p < 
4f ( 
7p < 
6f ( 
4f < 
6f ' 
Vp 
6f ( 
Vp 
6f 
Vp 
Vp 
Vp 
Vp 
6f 
6f 
6f 
6f 
6f 
6f 
6f 
6f 
6f 
6f 
6f 
8p 
8p 
8p 
5f 
5f 
5f 
8p 
8p 
8p 
8p 
8p 
8p 
"D) 
"D) 
"D) 
'D) 
'D) 
'P) 
"P) 
"D) 
"P) 
P)^ 
"P) 
"D) 
"D) 
'P) 
'D) 
'P) 
['D) 
["P) 
["D) 
("P) 
("P) 
("P) 
:"D) 
("D) 
('D) 
("D) 
("D) 
('P) 
("D) 
("D) 
("D) 
("D) 
('D) 
("D) 
("P) 
("P) 
("P) 
('P) 
('P) 
('P) 
('P) 
('P) 
("D) 
["P) 
["P) 
["D) 
90 
163780.0 
164407.0 
167288.0 
171183.0 
171598.0 
100403.0 100072.0 331.0 
112419.0 112391.0 28.0 
114157.0 114620.0 -463.0 
115268.0 115444.0 -176.0 
124712.0 124579.0 133.0 
125227.0 125151.0 76.0 
125484.0 125366.0 118.0 
129431.0 129293.0 138.0 
135138.0 135169.0 -31.0 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
4-
+ 
+ 
+ 
6% 
56% 
15% 
12% 
5% 
39% 
31% 
9% 
6% 
49% 
28% 
21% 
61% 
13% 
9% 
6% 
44% 
33% 
8% 
5% 
89% 
9% 
53% 
24% 
16% 
7% 
53% 
30% 
17% 
47% 
36% 
17% 
88% 
5% 
85% 
6% 
89% 
9% 
73% 
11% 
9% 
4% 
81% 
6% 
5s^ 
5s^ 
Ss^ 
5s^ 
5s^ 
5s^ 
5s^ 
5s^ 
5s^ 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5P^ 
5P^ 
5p^ 
5p^ 
5p^ 
5P^ 
5P^ 
5P^ 
5P^ 
5P^ 
5P^ 
5P^ 
5P^ 
5P^ 
5P^ 
5P^ 
5P^ 
5P^ 
5p^ 
5P^ 
5P^ 
5P^ 
5P^ 
5p^ 
5P^ 
5P^ 
5p^ 
5p^ 
5P^ 
5p^ 
5p^ 
5P^ 
5p^ 
5p^ 
5p^ 
5P^ 
5p^ 
5P^ 
5p^ 
5P^ 
5p^ 
5P^ 
5P^ 
5p^ 
8p ( 
5f ( 
5f ( 
5f ( 
5f ( 
5f < 
5f { 
5f ( 
5f ( 
6f ( 
6f ( 
6f 
6f 
6f 
6f 
6f 
6f 
6f 
6f 
6f 
6p 
6p 
6p 
6p 
6p 
6p 
6p 
6p 
6p 
6p 
6p 
6p 
4f 
4f { 
4f 
4f 
7p 
7p < 
6p { 
6p ( 
6p 1 
6p ( 
5f ( 
5f ( 
'D) 
'P) 
'P) 
'D) 
'D) 
.'P) 
.'P) 
'D) 
'D) 
.'P) 
['P) 
['P) 
['P) 
['P) 
['D) 
['P) 
['P) 
['P) 
I'D) 
('D) 
('S) 
('P) 
('D) 
('D) 
['P) 
:'s) 
('D) 
('D) 
('D) 
("D) 
('D) 
['D) 
['S) 
''P) 
[*S) 
['P) 
'"S) 
''P) 
'P) 
'D) 
'D) 
'S) 
'S) 
'P) 
91 
135342.0 135360.0 -18.0 
136044.0 136075.0 -31.0 
136097.0 136271.0 -174.0 
136169.0 136714.0 -545.0 
137360.0 137356.0 4.0 
139691.0 139816.0 -125.0 
140163.0 140005.0 158.0 
140384.0 140249.0 135.0 
140387.0 140365.0 22.0 
141081.0 141079.0 2.0 
141398.0 141412.0 -14.0 
146973.0 146630.0 343.0 
147054.0 146884.0 170.0 
147942.0 147635.0 307.0 
+ 5% 5s^ 5p^ 5f 
64% 5s^ 5p^ 5f 
+ 8% 5s^ 5p^ 4f 
+ 7% 5s^ 5p^ 5f 
+ 5% 5s^ 5p^ 5f 
91% 5s^ 5p^ 8p 
+ 7% 5s^ 5p^ 8p 
50% 5s^ 5p^ 4f 
+ 14% 5s^ 5p^ 5f 
+ 10% 5s^ 5p^ 4f C^D: 
+ 5% 5s^ 5p^ 4f 
37% 5s^ 5p^ 4f 
+ 22% 5s^ 5p^ 4f 
+ 9% 5s^ 5p^ 4f 
+ 9% 5s^ 5p^ 4f (^ D: 
43% 5s^ 5p^ 7p {^D 
+ 28% 5s^ 5p^ 7p 
+ 15% 5s^ 5p^ 7p 
+ 6% 5s^ 5p^ 7p 
58% 5s^ 5p^ 4f 
+ 18% 5s^ 5p^ 4f 
+ 14% 5s^ 5p^ 4f 
+ 6% 5s^ 5p^ 4f (^D 
50% 5s^ 5p^ 7p (2D 
+ 30% 5s^ 5p^ 7p (^D 
+ 1 9 % 5s^ 5p^ 7p 
61% 5s^ 5p^ 4f 
+ 26% 5s^ 5p^ 4f 
+ 8% 5s^ 5p^ 4f 
44% 5s^ 5p^ 7p 
+ 41% 5s^ 5p^ 7p 
+ 12% 5s^ 5p^ 7p CD] 
92% 5s^ 5p^ 6f 
90% 5s^ 5p^ 6f 
58% 5s^ 5p^ 5f 
+ 9% 5s^ 5p^ 5f 
+ 5% 5s^ 5p^ 5f 
+ 5% 5s^ 5p^ 5f 
36% 5s^ 5p^ 5f 
+ 23% 5s^ 5p^ 5f CD) 
+ 13% 5s^ 5p^ 5f 
+ 8% 5s^ 5p^ 5f 
43% 5s^ 5p^ 8p (^ D) 
+ 31% 5s^ 5p^ 8p (^ D: 
+ 15% 5s^ 5p^ 8p 
+ 4% 5s^ 5p^ 8p 
^F 
"F 
F^ 
'D 
'D 
F^ 
F^ 
F^ 
D^ 
"D 
'G 
F^ 
D^ 
F^ 
F^ 
F^ 
D^ 
"D 
F^ 
F^ 
^F 
^F 
D^ 
F^ 
F^ 
D^ 
92 
148830 .0 148533 .0 2 9 7 . 0 
- 148792 .0 
150219.0 150108.0 111.0 
150220.0 150157.0 63.0 
150251.0 150283.0 -32.0 
150251.0 150482.0 -231.0 
153813.0 
154156.0 
154278.0 
- 154503.0 
- 154772.0 
157293.0 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
60% 
21% 
6% 
5% 
40% 
34% 
15% 
46% 
28% 
15% 
5% 
44% 
35% 
7% 
5% 
47% 
40% 
10% 
59% 
18% 
9% 
5% 
36% 
22% 
10% 
7% 
33% 
16% 
9% 
8% 
24% 
16% 
13% 
12% 
34% 
19% 
9% 
7% 
24% 
15% 
14% 
7% 
55% 
21% 
14% 
5s^ 
5s^ 
5s^ 
58^ 
5s^ 
55^ 
55^ 
5s^ 
5s^ 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5p^ 
5P^ 
5P^ 
5p^ 
5p^ 
5P^ 
5p^ 
5p^ 
5p^ 
5P^ 
5P^ 
5P^ 
5P^ 
5p^ 
5P^ 
5P^ 
5p^ 
5P^ 
5p^ 
5P^ 
5P^ 
5P^ 
5P^ 
5P^ 
5p^ 
5p^ 
5p^ 
5P^ 
5P^ 
5P^ 
5P^ 
5P^ 
5P^ 
5p^ 
5p^ 
5P^ 
5P^ 
5P^ 
5P^ 
5p^ 
5p^ 
5p^ 
5P^ 
5p^ 
5p^ 
4f < 
4f ( 
4f { 
5f ( 
4f ( 
4f { 
4f < 
8p < 
8p 
8p 
5f 
5f ( 
5f 
8p 
8p 
8p 
8p 
8p 
5f 
5f 
5f 
4f 
7p 
4f 
4f 
4f 
7p 
4f 
4f 
4f 
6f 
4f 
4f 
6f 
6f 
6f 
4f 
4f 
6f 
6f 
6f 
4f 
6f 
6f 
6f 
'P) 
'P) 
'P) 
'D: 
' p ) 
' p ) 
' p ] 
'Dl 
['D] 
['D 
'D 
['D] 
['D 
['D 
['D 
('D 
['D 
('D 
('D 
('D 
('D 
('P 
('P 
('P 
('P 
('P 
('P 
('P 
('P 
('P 
('D 
('P 
('P 
('D 
('D 
('D 
('P 
('P 
('D 
('D 
('D 
('P 
['D 
['D 
['D] 
^G 
^F 
^F 
^F 
^D 
3F 
^F 
^D 
^F 
^F 
^D 
^F 
^D 
»"F 
I'F 
I'D 
»'F 
)3F 
I'F 
)'G 
)'D 
)'G 
>'D 
>'D 
)'F 
)'F 
I'D 
)'D 
)'F 
)'F 
)'G 
)'F 
)'F 
>'F 
)'G 
)'F 
)'F 
)'G 
I'D 
I'F 
I'F 
>'F 
)3F 
^D 
'G 
157515.0 
158741.0 
158764.0 
162889.0 
164071.0 
164350.0 
167090.0 
167136.0 
171325.0 
171506.0 
115354.0 115503.0 -149.0 
124684.0 124572.0 112.0 
125477.0 125371.0 106.0 
135141.0 135171.0 -30.0 
135684.0 135650.0 34.0 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
7% 
56% 
32% 
7% 
59% 
26% 
8% 
41% 
32% 
13% 
10% 
77% 
10% 
7% 
36% 
23% 
15% 
10% 
30% 
24% 
19% 
15% 
73% 
18% 
9% 
52% 
30% 
18% 
36% 
27% 
15% 
8% 
34% 
24% 
20% 
13% 
100% 
88% 
5% 
89% 
6% 
86% 
5% 
4% 
80% 
5s^ 
5s" 
5s" 
5s" 
5s" 
5s" 
5s" 
5s" 
5s" 
5s" 
5s" 
5s" 
5s" 
5s" 
5s" 
5s" 
5s" 
5s" 
5s" 
5s" 
5s" 
5s" 
5s" 
5s" 
5s" 
5s" 
5s" 
5s" 
5s" 
5s" 
5s" 
5s" 
5s" 
5s" 
5s" 
5s" 
5s" 
5s" 
5s" 
5s" 
5s" 
5s" 
5s" 
5s" 
5s" 
5P^ 
5p^ 
5P^ 
5p^ 
5p^ 
5p^ 
5P^ 
5p^ 
5p^ 
5P^ 
5p^ 
5P^ 
5P^ 
5P^ 
5p^ 
5P^ 
5P^ 
5p^ 
5p^ 
5P^ 
5p^ 
5p^ 
5P^ 
5P^ 
5p^ 
5p^ 
5P^ 
5p^ 
5p^ 
5p^ 
5P^ 
5P^ 
5P^ 
5P^ 
5p^ 
5p^ 
5P^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5P^ 
5P^ 
5P^ 
6f ( 
6f ( 
6f ( 
6f ( 
5f ( 
5f ( 
5f ( 
5f ( 
5f ( 
5f ( 
5f ( 
8p { 
8p ( 
8p ( 
5f ( 
5f < 
5f 
5f ( 
5f 
5f { 
5f 
5f 
6f 
6f 
6f 
6f 
6f 
6f 
6f 
6f 
6f 
6f 
6f 
6f 
6f 
6f 
6p 
4f 
4f 
4f 
4f 
5f 
5f 
5f 
5f 
'D) 
"D) 
'D) 
'D) 
'P) 
"P) 
'P) 
'P) 
'P) 
'P) 
'P) 
"P) 
'D) 
'D) 
'P) 
M 
'"p) 
'D) 
['P) 
['P) 
['P) 
['D) 
["P) 
["P) 
("P) 
('P) 
['P) 
('P) 
("P) 
("P) 
('P) 
('D) 
('P) 
('P) 
("P) 
('D) 
("D) 
('S) 
("P) 
('S) 
("P) 
('S) 
("P) 
("P) 
('S) 
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136090.0 136268.0 -178.0 
136802.0 136894.0 -92.0 
139500.0 139684.0 -184.0 
139718.0 140237.0 -519.0 
140108.0 140364.0 -256.0 
141073.0 141080.0 -7.0 
141530.0 141505.0 25.0 
147147.0 146711.0 436.0 
146938.0 147071.0 -133.0 
148972.0 148690.0 282.0 
150143.0 
150298.0 
150413.0 
153627.0 
154283.0 
154587.0 
+ 6% 5s^ 5p^ 5f 
34% 5s^ 5p^ 4f 
+ 19% 5s^ 5p^ 4f 
+ 17% 5s^ 5p^ 4f 
+ 10% 5s^ 5p^ 4f 
76% 5s^ 5p^ 4f 
+ 7% 5s^ 5p^ 4f 
+ 7% 5s^ 5p^ 4f 
+ 5% 5s^ 5p^ 4f 
58% 5s^ 5p^ 4f 
+ 39% 5s^ 5p^ 4f 
70% 5s^ 5p^ 4f 
+ 13% 5s^ 5p^ 4f 
+ 11% 5s^ 5p^ 4f 
98% 5s^ 5p^ 7p 
92% 5s^ 5p^ 6f 
90% 5s^ 5p^ 6f 
37% 5s^ 5p^ 5f 
+ 20% 5s^ 5p^ 5f 
+ 18% 5s^ 5p^ 5f 
+ 11% 5s^ 5p^ 5f 
72% 5s^ 5p^ 5f 
+ 8% 5s^ 5p^ 5f 
+ 7% 5s^ 5p^ 5f 
+ 5% 5s^ 5p^ 5f 
38% 5s^ 5p^ 4f 
+ 28% 5s^ 5p^ 4f 
+ 24% 5s^ 5p^ 4f 
+ 6% 5s^ 5p^ 5f 
45% 5s^ 5p^ 5f 
+ 43% 5s^ 5p^ 5f 
99% 5s^ 5p^ 8p 
64% 5s^ 5p^ 5f 
+ 22% 5s^ 5p^ 5f 
+ 7% 5s^ 5p^ 5f 
+ 5% 5s^ 5p^ 5f 
41% 5s^ 5p^ 4f 
+ 31% 5s^ 5p^ 4f 
+ 17% 5s^ 5p^ 4f 
37% 5s^ 5p^ 4f 
+ 11% 5s^ 5p^ 4f 
+ 9% 5s^ 5p^ 6f 
+ 8% 5s^ 5p^ 6f 
28% 5s^ 5p^ 6f 
+ 15% 5s^ 5p^ 6f 
+ 13% 5s^ 5p2 6f 
('P) 
('D) 
('D) 
('D) 
('P) 
('D) 
('P) 
('P) 
('S) 
('D) 
('D) 
('D) 
('D) 
('D) 
( ' D ) 
('S) 
('S) 
('D) 
('D) 
('D) 
('P) 
('D) 
('P) 
('P) 
('S) 
('P) 
('P) 
('P) 
('D) 
('D) 
( ' D ) 
('D) 
('D) 
( ' D ) 
('D) 
('D) 
('P) 
('P) 
('D) 
('P) 
("P) 
( ' D ) 
("D) 
('D) 
( ' D ) 
( ' D ) 
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- 154682.0 
- 157248.0 
- 157517.0 
- 158811.0 
- 163926.0 
- 164296.0 
- 167178.0 
- 171282.0 
- 171475.0 
124743.0 124623.0 120.0 
135183.0 135205.0 -22.0 
136752.0 136852.0 -100.0 
139450.0 139672.0 -222.0 
- 139826.0 
141089.0 141086.0 3.0 
146923.0 147037.0 -114.0 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
11% 
59% 
11% 
8% 
4% 
60% 
36% 
66% 
14% 
12% 
7% 
41% 
30% 
27% 
42% 
34% 
18% 
53% 
11% 
9% 
9% 
42% 
30% 
27% 
41% 
38% 
15% 
57% 
15% 
8% 
8% 
90% 
8% 
88% 
9% 
42% 
34% 
15% 
6% 
95% 
56% 
43% 
93% 
6% 
40% 
5s" 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5p^ 
5P^ 
5P^ 
5p= 
5P^ 
5P^ 
5P^ 
5P^ 
5p^ 
5p^ 
5P^ 
5P^ 
5P^ 
5P^ 
5P^ 
5p^ 
5p^ 
5p^ 
5P^ 
5P^ 
5P^ 
5P^ 
5p^ 
5p^ 
5P^ 
5p^ 
5P^ 
5p^ 
5P^ 
5P^ 
5P^ 
5p^ 
5p^ 
5p^ 
5p^ 
5p^ 
5P^ 
5P^ 
5P^ 
5p^ 
5p^ 
5P^ 
5P^ 
5p^ 
5p^ 
4f < 
6f ( 
6f ( 
6f ( 
4f ( 
6f ( 
6f 
6f 
6f 
6f 
6f 
5f 
5f 
5f 
5f 
5f 
5f 
5f 
5f 
5f 
5f 
6f 
6f 
6f 
6f 
6f 
6f 
6f 
6f 
6f 
6f 
4f 
4f 
5f 
5f 
4f 
4f < 
4f 
4f < 
4f < 
4f 
4f ( 
6f { 
6f < 
5f ( 
'P) 
'D) 
'D) 
'P) 
'P) 
'D) 
['D) 
['D) 
['D) 
['D) 
['D) 
['P) 
['P) 
['P) 
('P) 
['P) 
('D) 
('P) 
('P) 
('P) 
('D) 
('P) 
('P) 
('P) 
('P) 
('P) 
('D) 
('P) 
('P) 
t'D) 
('P) 
['S) 
('P) 
['S) 
['P) 
['D) 
.'D) 
'P) 
'S) 
I'D) 
''D) 
'D) 
'S) 
'P) 
'D) 
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- 149967.0 
- 150135.0 
- 153390.0 
- 154626.0 
- 157258.0 
- 157287.0 
- 163750.0 
- 171151.0 
139788.0 
150112.0 
157270.0 
+ 32% 
+ 15% 
+ 7% 
90% 
+ 5% 
56% 
+ 44% 
73% 
+ 10% 
+ 8% 
+ 4% 
41% 
+ 34% 
+ 14% 
+ 7% 
86% 
+ 12% 
59% 
+ 38% 
75% 
+ 10% 
+ 8% 
+ 4% 
80% 
+ 8% 
+ 7% 
5s^ 
5s^ 
5s^ 
5s^ 
5s^ 
5s^ 
58^ 
5p^ 5f 
5p^ 5f 
5p^ 5f 
5p^ 5f 
5p^ 5f 
5p^ 5f 
5p^ 5f 
5s^ 5p^ 4f 
5p^ 4f 
5p^ 4f 
5p^ 4f 
5p^ 6f 
5p^ 6f 
5p^ 6f 
5p^ 6f 
5p^ 6f 
5s^ 5p^ 6f 
5s^ 5p^ 6f 
5s^ 
5s^ 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5s' 
5p^ 6f 
5p^ 5f 
5s' 5p^ 5f 
5 s ' • 
5s' 
5s' 
5s' 
5s' 
5p^ 5f 
5p^ 5f 
5p^ 6f 
5p^ 6f 
5p^ 6f 
100% 5s^ 5p^ 4f 
100% 5s^ 5p^ 5f 
100% 5s^ 5p^ 6f 
'D] 
'D) 
H^ 
H^ 
H^ 
H^ 
H^ 
H^ 
H^ 
H^ 
H^ 
H^ 
H^ 
H^ 
^H 
H^ 
H^ 
'H 
'H 
H^ 
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Table 3.8 : Energy parameter values in Cm'^  of 5s^ 5p^  ,5p ,^ 
5p^6p,5p^7p,5p^8p, 5p 4^f,5p 5^f and 5p 6^f 
configurations of singly ionized iodine ( III ) 
configuration 
5s^ 5p^ 
5,/' 
5s^ 5p^ 6p 
5s^ 5p^ 7p 
5s' 5p' 8p 
parameter 
Eav(5s^ Sp'*) 
F'(5p,5p) 
a 
5^p 
Eav(5p') 
E„v(5s^ 5p^ 6p) 
F'(5p,5p) 
a 
C^P 
^6p 
F\ 5p, 6p) 
F'( 5p, 6p) 
G''( 5p, 6p) 
G'( 5p, 6p 
G'( 5p, 6p) 
E„v(5s' 5p^ 7p) 
F'(5p,5p) 
a 
5^p 
FX 5p, 7p) 
F'( 5p, 7p) 
G\ 5p, 7p) 
G\ 5p, 7p) 
G'( 5p, 7p) 
E„v(5s' 5p^ 8p) 
F'( 5p, 5p) 
a 
5^p 
^8p 
F'( 5p, 8p) 
F'( 5p, 8p) 
G"( 5p, 8p) 
G\ 5p, 8p) 
G\ 5p, 8p) 
LSF 
8719 
39331 
-280 
5780 
230004 
115940 
35834 
0 
6675 
653 
0 
8591 
1479 
0 
1887 
140521 
35767 
0 
6317 
249 
0 
2468 
581 
0 
778 
150336 
35064 
0 
5520 
120 
0 
1141 
228 
0 
312 
accuracy 
223 
1965 
-HI 
216 
(fixed) 
52 
373 
0 
91 
(fixed) 
(fixed) 
464 
59 
(fixed) 
76 
91 
446 
0 
248 
(fixed) 
(fixed) 
31 
88 
(fixed) 
118 
107 
522 
(fixed) 
(fixed) 
(fixed) 
(fixed) 
17 
(fixed) 
(fixed) 
(fixed) 
HF 
8326 
45494 
4916 
230006 
115057 
47901 
5488 
622 
0 
9636 
1965 
0 
2507 
139945 
48020 
5512 
239 
0 
3314 
645 
0 
863 
150447 
48061 
5520 
120 
0 
1565 
304 
0 
416 
LSF/HF 
1.047 
0.865 
1.176 
0.998 
1.005 
0.748 
1.216 
1.050 
0.892 
0.753 
0.753 
1.001 
0.745 
1.146 
1.044 
0.745 
0.902 
0.902 
0.996 
0.730 
1.000 
0.999 
0.729 
0.750 
0.750 
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5s^ 5p^ 
5s^ 5p^ 
5s^ 5p^ 
5s^ Sp-* 
5s^ Sp-* 
5s^ 5p-* 
5s^ Sp-* 
5s^ Sp-* 
5s^ 5p^ 
5s^ 5p^ 
5s^ 5p^ < 
4f 
5f 
6f 
-5p' 
-5s' 
-5s' 
-5s' 
-5s' 
-5s' 
-5s' 
6p -5s 
5p^  6p 
5p'7p 
5p^  
5p^  
5p3 
5p^  
i'5p 
8p 
4f 
5f 
6f 
7^p 
Eav(5s' 5p^ 4f) 
F'(5p,5p) 
a 
5^p 
^4f 
F\ 5p, 4f) 
F'f 5p, 4f) 
G'( 5p, 40 
G'( 5p, 40 
G'(5p,40 
Eav(5s' 5p^ 50 
A 5p, 5p) 
a 
5^p 
^5f 
F'( 5p, 50 
F'( 5p, 50 
G'( 5p, 5 0 
G\ 5p, 50 
G'( 5p, 50 
Eav(5s' 5p^ 60 
F'( 5p, 5p) 
a 
S5p 
C6f 
F'( 5p, 60 
F'( 5p, 60 
G'( 5p, 60 
G\ 5p, 60 
G'( 5p, 60 
R'( 5S, 5S; 5p, 5p) 
R^i 5p, 5p; 5p, 6p) 
R'( 5p, 5p; 5p, 6p) 
R"( 5p, 5p; 5p, 7p) 
R'( 5p, 5p; 5p, 7p) 
R°( 5p, 5p; 5p, 8p) 
R'( 5p, 5p; 5p, 8p) 
R'( 5p, 5p; 5p, 40 
R'( 5p, 5p; 5p, 50 
R'( 5p, 5p; 5p, 60 
R \ 5p, 6p; 5p, 7p) 
R'( 5p, 6p; 5p, 7p) 
139931 
36321 
0 
6343 
1 
0 
4729 
1510 
0 
984 
150202 
35432 
0 
6410 
1 
0 
2512 
982 
0 
645 
157333 
40831 
0 
5790 
1 
0 
1489 
698 
0 
460 
36263 
727 
3444 
389 
1779 
260 
1166 
-5588 
-4854 
-4001 
0 
2502 
66 
340 
(fixed) 
190 
(fixed) 
(fixed) 
(fixed) 
22 
(fixed) 
15 
147 
436 
(fixed) 
298 
(fixed) 
(fixed) 
(fixed) 
345 
(fixed) 
226 
86 
(fixed) 
(fixed) 
(fixed) 
(fixed) 
(fixed) 
(fixed) 
362 
(fixed) 
239 
10206 
205 
969 
110 
501 
73 
328 
-1573 
-1366 
-1126 
0 
704 
139166 
47961 
5504 
1 
0 
5913 
2207 
0 
1438 
149788 
48003 
5510 
1 
0 
3142 
1607 
0 
1055 
155539 
48037 
5516 
1 
0 
1863 
1074 
0 
708 
61085 
1224 
5801 
656 
2996 
437 
1963 
-9414 
-8177 
-6739 
0 
4215 
1.003 
0.757 
1.153 
1.000 
0.800 
0.684 
0.684 
1.000 
0.738 
1.163 
0.875 
0.800 
0.611 
0.611 
1.010 
0.850 
1.050 
1.000 
0.799 
0.650 
0.650 
0.594 
0.594 
0.594 
0.594 
0.594 
0.594 
0.594 
0.594 
0.594 
0.594 
0.594 
0.594 
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5s^  5p^ 6p -5s^  5p^ 8p 
5s^  5p^ 6p -5s^  5p^ 4f 
5s^  5p^ 6p -5s^  5p^ 5f 
5s^  5p^ 6p -5s^  5p^ 6f 
5s^  5p^ 7p -5s^  5p^ 8p 
5s^  5p^ 7p -5s^  5p^ 4f 
5s^  5p^ 7p -5s^  5p' 5f 
5s^  5p^ 7p -5s^  5p^ 6f 
5s^  5p^ 8p -5s^  5p^ 4f 
5s^  5p^ 8p -5s^  5p^ 5f 
5s^  5p^ 8p -5s^  5p^ 6f 
5s^5p^4f-5s^5p^5f 
5s^  5p^ 4f-5s^  5p^ 6f 
5s^5p^5f-5s^5p^6f 
R"( 5p, 6p; 7p, 5p) 
R^( 5p, 6p; 7p, 5p) 
R"( 5p, 6p; 5p, 8p) 
R^( 5p, 6p; 5p, 8p) 
R"( 5p, 6p; 8p, 5p) 
R^( 5p, 6p; 8p, 5p) 
R^( 5p, 6p; 5p, 4f) 
R^( 5p, 6p; 4f, 5p) 
R^( 5p, 6p; 5p, 5i) 
R^ ( 5p, 6p; 5f, 5p) 
R^( 5p, 6p; 5p, 6f) 
R^( 5p, 6p; 6f, 5p) 
R\ 5p, 7p; 5p, 8p) 
R^ ( 5p, 7p; 5p, 8p) 
R"( 5p, 7p; 8p, 5p) 
R^ ( 5p, 7p; 8p, 5p) 
R'( 5p, 7p; 5p, 4f) 
R'( 5p, 7p; 4f, 5p) 
R \ 5p, 7p; 5p, 50 
R^( 5p, 7p; 5f, 5p) 
R^( 5p, 7p; 5p, 6f) 
R^( 5p, 7p; 6f, 5p) 
R^ ( 5p, 8p; 5p, 4f) 
R \ 5p, 8p; 4f, 5p) 
R^( 5p, 8p; 5p, 5f) 
R^( 5p, 8p; 5f, 5p) 
R^( 5p, 8p; 5p, 6f) 
R^( 5p, 8p; 6f, 5p) 
R \ 5p, 4f; 5p, 50 
R^( 5p, 4f; 5p, 50 
R^( 5p, 4f; 5f, 5p) 
R^( 5p, 4f; 5f, 5p) 
R \ 5p, 4f; 5p, 60 
R^( 5p, 4f; 5p, 60 
R^( 5p, 4f; 6f, 5p) 
R'*( 5p, 4f; 6f, 5p) 
R°( 5p, 5f; 5p, 60 
R^( 5p, 5f; 5p, 6f 
R^( 5p, 5f; 6f, 5p) 
R''( 5p, 5f; 6f, 5p) 
666 
867 
0 
1592 
456 
754 
3277 
-379 
1690 
-409 
994 
-373 
0 
1497 
332 
449 
773 
-147 
1055 
-173 
753 
-163 
482 
-81 
442 
-102 
478 
-98 
0 
2709 
1409 
921 
0 
1936 
1148 
751 
0 
1697 
984 
648 
187 
244 
0 
448 
128 
(fixed) 
(fixed) 
(fixed) 
(fixed) 
(fixed) 
(fixed) 
(fixed) 
(fixed) 
(fixed) 
(fixed) 
(fixed) 
(fixed) 
(fixed) 
(fixed) 
(fixed) 
(fixed) 
(fixed) 
(fixed) 
(fixed) 
(fixed) 
(fixed) 
(fixed) 
(fixed) 
(fixed) 
(fixed) 
(fixed) 
(fixed) 
(fixed) 
(fixed) 
(fixed) 
(fixed) 
(fixed) 
(fixed) 
(fixed) 
(fixed) 
1121 
1460 
0 
2682 
768 
1006 
4369 
-505 
2253 
-545 
1325 
-498 
0 
1996 
443 
598 
1031 
-195 
1407 
-230 
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-218 
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0 
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1228 
0 
2582 
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0 
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0.594 
0.594 
0.594 
0.594 
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0.750 
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0.750 
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0.750 
0.750 
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0.750 
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0.750 
0.750 
0.750 
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Table 3.9 : Classfied lines of III Spectrum 
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737 
004 
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882 
043 
Wavenvimber 
o (can"^  ) 
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139494 
139403 
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0.000 
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0.008 
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0.002 
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881 
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279 
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389 
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995 
354 
535 
081 
469 
121818 
121782 
121442 
121194 
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12 
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10 
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15 
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'D, 
'^2 
'D, 
^s„ 
S^o 
S^o 
- 5p^5d 
- 5p^5d 
- 5p^5d 
- 5p^5d 
- 5p^5d 
- 5p^6s 
- 5p^6s 
- 5p^5d 
- 5p^6s 
- 5p^5d 
- 5p^5d 
- 5p^5d 
- 5p^5d 
- 5p^5d 
- 5p^5d 
- 5p*6s 
- 5p^5d 
- 5s5p^ 
- 5p^6s 
- 5p^5d 
- 5p^5d 
- 5s5p^ 
- 5p^6s 
- 5p^6s 
- 5p^5d 
- 5s5p^ 
- 5p^5d 
- 5p^6s 
- 5p^6s 
- 5p^6s 
- 5p^5d 
- 5p^6s 
- 5p^5d 
- 5s5p^ 
- 5p^6s 
- 5s5p^ 
- 5p^5d 
- 5p^5d 
- 5s5p^ 
- 5p^5d 
- 5s5p^ 
- 5s5p^ 
- 5p^6s 
- 5p'6s 
- 5p^5d 
- 5p^6s 
*S)^D2 
'D)^F2 
'D)^PI 
('D)^PI 
('P)'DI 
'D)^DI 
'D)^DI 
[*S)=Dx 
'D)^D2 
'D)^G3 
('S)^ D2 
('S)^ D3 
[*S)^ Di 
('D)^ Pi 
(*S)^ Di 
(*S)^ 3i 
['D)^F3 
^Pi 
('D)^D2 
(*S)^ D2 
('D)^F2 
P^o 
('D)^D3 
('P)'Pi 
['D)^PI 
^P2 
(*S)^ Di 
('D)^ Di 
('S)=S2 
('D)^D2 
(*S)^ Di 
(*S)^ 3i 
(*S)=Do 
'Pi 
('s)^ Si 
'Pi 
{*S)'-D^ 
('D)^ Di 
^P2 
('S)^ D2 
'Pi 
^P2 
('S)^ 32 
('D)^ Di 
(*S)^ Di 
('3)^ 3i 
0.002 
-0.003 
-0.001 
0.006 
0.011 
0.001 
0.007 
0.008 
-0.004 
0.002 
-0.007 
0.000 
0.013 
-0.011 
-0.004 
-0.010 
-0.001 
0.001 
-0.002 
0.007 
0.004 
0.000 
0.001 
-0.012 
-0.003 
-0.001 
-0.012 
-0.010 
-0.009 
0.000 
-0.009 
-0.006 
0.000 
-0.008 
-0.012 
0.004 
-0.007 
-0.005 
0.007 
0.005 
0.002 
-0.005 
0.006 
-0.003 
0.003 
0.013 
t : Intensity is the visual estimates of the photographic blackening on 
the plate in the scale of 1-100. 
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* : b stands for broad line ; B stands for blended with other hne of iodine 
and 1 for unperturbed normal line. 
Diff. : Difference between the observed value of transition and calculated 
value from the corresponding energy levels in A. 
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Appendix 
Spectrograms 
1 _ w 
I> » 
1 tr> 
F 
1 "^ I '°^  1 ^ 1 <M 1 "^ 
1 *;" 
1 -^  1 <S> 
1 ^o 
1 '~" 
- • 
^ i-. 
03 
Q. 
C/5 
U 
i-
S 
.5? 
^ H 
—^^  
03 
i^ 
O 
<u 
a. 00 
<u 
r-
-5 
^ 

